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ADAPTIVE UL-DL TDD CONFIGURATIONS
IN A HETEROGENEOUS NETWORK

RELATED APPLICATIONS

This application claims the benefit of and hereby incorpo-
rates by reference U.S. Provisional Patent Application Ser.
No. 61/624,185, filed Apr. 13, 2012.

BACKGROUND

Wireless mobile communication technology uses various
standards and protocols to transmit data between a node (e.g.,
a transmission station or a transceiver node) and a wireless
device (e.g., a mobile device). Some wireless devices com-
municate using orthogonal frequency-division multiple
access (OFDMA) in a downlink (DL) transmission and single
carrier frequency division multiple access (SC-FDMA) in an
uplink (UL) transmission. Standards and protocols that use
orthogonal frequency-division multiplexing (OFDM) for sig-
nal transmission include the third generation partnership
project (3GPP) long term evolution (LTE), the Institute of
Electrical and Electronics Engineers (IEEE) 802.16 standard
(e.g., 802.16e, 802.16m), which is commonly known to
industry groups as WiMAX (Worldwide interoperability for
Microwave Access), and the IEEE 802.11 standard, which is
commonly known to industry groups as WiFi.

In 3GPP radio access network (RAN) LTE systems, the
node can be a combination of Evolved Universal Terrestrial
Radio Access Network (E-UTRAN) Node Bs (also com-
monly denoted as evolved Node Bs, enhanced Node Bs, eNo-
deBs, or eNBs) and Radio Network Controllers (RNCs),
which communicate with the wireless device, known as a user
equipment (UE). The downlink (DL) transmission can be a
communication from the node (e.g., eNodeB) to the wireless
device (e.g., UE), and the uplink (UL) transmission can be a
communication from the wireless device to the node.

In homogeneous networks, the node, also called a macro
node, can provide basic wireless coverage to wireless devices
in acell. The cell can be the area in which the wireless devices
are operable to communicate with the macro node. Hetero-
geneous networks (HetNets) can be used to handle the
increased traffic loads on the macro nodes due to increased
usage and functionality of wireless devices. HetNets can
include alayer of planned high power macro nodes (or macro-
eNBs) overlaid with layers of lower power nodes (small-
eNBs, micro-eNBs, pico-eNBs, femto-eNBs, or home eNBs
[HeNBs]) that can be deployed in a less well planned or even
entirely uncoordinated manner within the coverage area (cell)
of'a macro node. The lower power nodes (LPNs) can gener-
ally be referred to as “low power nodes”, small nodes, or
small cells.

The macro node can be used for basic coverage. The low
power nodes can be used to fill coverage holes, to improve
capacity in hot-zones or at the boundaries between the macro
nodes’ coverage areas, and improve indoor coverage where
building structures impede signal transmission. Inter-cell
interference coordination (ICIC) or enhanced ICIC (eICIC)
may be used for resource coordination to reduce interference
between the nodes, such as macro nodes and low power nodes
in a HetNet.

Homogeneous networks or HetNets can use time-division
duplexing (TDD) or frequency-division duplexing (FDD) for
DL or UL transmissions. Time-division duplexing (TDD) is
an application of time-division multiplexing (TDM) to sepa-
rate downlink and uplink signals. In TDD, downlink signals
and uplink signals may be carried on a same carrier frequency
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2

where the downlink signals use a different time interval from
the uplink signals, so the downlink signals and the uplink
signals do not generate interference for each other. TDM is a
type of digital multiplexing in which two or more bit streams
or signals, such as a downlink or uplink, are transferred appar-
ently simultaneously as sub-channels in one communication
channel, but are physically transmitted on different resources.
In frequency-division duplexing (FDD), an uplink transmis-
sion and a downlink transmission can operate using diftferent
frequency carriers. In FDD, interference can be avoided
because the downlink signals use a different frequency carrier
from the uplink signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the disclosure will be apparent
from the detailed description which follows, taken in con-
junction with the accompanying drawings, which together
illustrate, by way of example, features of the disclosure; and,
wherein:

FIG. 1 illustrates a diagram of dynamic uplink-downlink
(UL-DL) reconfiguration usage in a time-division duplexing
(TDD) system in accordance with an example;

FIG. 2 illustrates a diagram of flexible subframe (FlexSF)
of an uplink-downlink (UL-DL) time-division duplexing
(TDD) frame structure in accordance with an example;

FIG. 3 illustrates a diagram of flexible subframe (FlexSF)
structure to support bidirectional UL-DL switching in accor-
dance with an example;

FIG. 4 illustrates a diagram of radio frame resources (e.g.,
a resource grid) for a downlink (DL) transmission in accor-
dance with an example;

FIG. 5 illustrates a block diagram of interference manage-
ment (IM) clusters in accordance with an example;

FIG. 6A illustrates a block diagram of a homogenous net-
work using an intra-site coordinated multipoint (CoMP) sys-
tem (e.g., CoMP scenario 1) in accordance with an example;

FIG. 6B illustrates a block diagram of a homogenous net-
work with high transmission power using an inter-site coor-
dinated multipoint (CoMP) system (e.g., CoMP scenario 2) in
accordance with an example;

FIG. 6C illustrates a block diagram of a coordinated mul-
tipoint (CoMP) system in a heterogeneous network with low
power nodes (e.g., CoMP scenario 3 or 4) in accordance with
an example;

FIG. 7 illustrates a block diagram of an aggressor node
transmitting a downlink signal, a wireless device transmitting
an uplink signal, and a victim node in accordance with an
example;

FIG. 8 illustrates a block diagram of a downlink node
transmitting a downlink signal, a wireless device transmitting
an uplink signal, and an uplink node in a heterogeneous
network (HetNet) in accordance with an example;

FIG. 9illustrates a block diagram of a baseband unit (BBU)
and a remote radio unit (RRU) configuration of a centralized
radio access network (C-RAN) in accordance with an
example;

FIG. 10 depicts a flow chart of a method for adapting
uplink-downlink (UL-DL) time-division duplexing (TDD)
subframe configurations in a heterogeneous network (Het-
Net) in accordance with an example;

FIG. 11 depicts a flow chart of a method for adapting
uplink-downlink (UL-DL) time-division duplexing (TDD)
subframe configurations in a heterogeneous network (Het-
Net) in accordance with an example;
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FIG. 12 illustrates a block diagram of a reference node, a
neighboring node, and wireless device in accordance with an
example;

FIG. 13 depicts functionality of a node device operable to
adapt uplink-downlink (UL-DL) time-division duplexing
(TDD) subframe configurations in a heterogeneous network
(HetNet); and

FIG. 14 illustrates a diagram of a wireless device (e.g., UE)
in accordance with an example.

Reference will now be made to the exemplary embodi-
ments illustrated, and specific language will be used herein to
describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby intended.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it
is to be understood that this invention is not limited to the
particular structures, process steps, or materials disclosed
herein, but is extended to equivalents thereof as would be
recognized by those ordinarily skilled in the relevant arts. It
should also be understood that terminology employed herein
is used for the purpose of describing particular examples only
and is not intended to be limiting. The same reference numer-
als in different drawings represent the same element. Num-
bers provided in flow charts and processes are provided for
clarity in illustrating steps and operations and do not neces-
sarily indicate a particular order or sequence.

Example Embodiments

An initial overview of technology embodiments is pro-
vided below and then specific technology embodiments are
described in further detail later. This initial summary is
intended to aid readers in understanding the technology more
quickly but is not intended to identify key features or essential
features of'the technology nor is it intended to limit the scope
of the claimed subject matter.

Heterogeneous network (HetNet) deployments can offer
efficient means to increase cellular coverage and capacity
compared to traditional homogeneous networks and may
involve the co-existence of different radio access technolo-
gies (RAT), transmission-reception techniques, and base sta-
tion (BS) or node transmission powers amongst other pos-
sible architectural combinations. The RAT can include the
standard used, such as LTE or IEEE 802.16, or the version of
the standard, such as LTE version 11, 3GPP LTE V11.0.0,
IEEE 802.16n, or IEEE 802.16p. In an example, the radio
access technology (RAT) standard can include LTE release 8,
9, 10, 11, or subsequent release. The transmission-reception
technique can include various transmission techniques, such
as a downlink (DL) coordinated multi-point (CoMP) trans-
mission, enhanced inter-cell interference coordination
(eICIC), and combinations thereof. A node transmission
power can refer to the power generated by a node type, such
as a macro node (e.g., macro evolved Node B (eNB)) in a
macro cell and multiple low power nodes (LPNs or small
eNBs) in the respective small cells, as illustrated in FIG. 1.
FIG. 1 illustrates a layered HetNet deployment with different
node transmission powers using time-division duplexing
(TDD). As used herein, a cell can refer to the node or the
coverage area of the node. A low power node (LPN) can refer
to a small node, which can include a small eNB, a micro eNB,
apico node, a pico eNB, a femto-eNB, a home eNB (HeNB),
aremote radio head (RRH), a remote radio equipment (RRE),
or a remote radio unit (RRU). As used herein, the term “small
node” may be used interchangeably with the term “pico
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node” (or pico eNB), and the term “small cell” may be used
interchangeably with the term “pico cell” in the examples to
assist in distinguishing between the macro node and the LPN
or the small node, and the macro cell and the small cell. The
macro node can be connected to each LPN via backhaul link
using X2 interface or optical fiber connections.

The macro nodes can transmit at high power level, for
example, approximately 5 watts (W) to 40 W, to cover the
macro cell. The HetNet can be overlaid with low power nodes
(LPNs), which may transmit at substantially lower power
levels, such as approximately 100 milliwatts (mW) to 2 W. In
an example, an available transmission power of the macro
node may be at least ten times an available transmission
power of the low power node. A LPN can be used in hot spots
or hot-zones, referring to areas with a high wireless traffic
load or high volume of actively transmitting wireless devices
(e.g., user equipments (UEs)). A LPN can be used in a micro-
cell, a picocell, a femtocell, and/or home network. Femto_
Cell0 illustrates downlink traffic heavy usage by the wireless
devices (e.g., UEs) and Femto_Celll illustrates uplink traffic
heavy usage by the wireless devices. In a FDD example, the
macro cell can use frequency bands F1 for DL and F2 for UL,
and femtocells can use frequency bands F3 for DL and F4 for
UL. In a TDD example, frequency bands F1/F2 can be used
for DL and UL by the macro cell and frequency bands F3/F4
can be used for DL and UL by the femtocells.

The methods, processes, and system described herein can
be applicable to various HetNet configurations, including
layered HetNets with different node transmission powers. In
systems, employing frequency division duplex (FDD), tech-
niques, like enhanced inter-cell interference coordination
(eICIC) and coordinated multi-point (CoMP), may be uti-
lized to enable efficient operation of HetNets. Compared to
FDD, time division duplex (TDD) can offer flexible deploy-
ment opportunities without using a pair of spectrum
resources, and can enable further and adaptation of radio
resource allocation in the time domain between uplink (UL)
and downlink (DL) resources to suit different traffic condi-
tions or any other performance metrics (e.g., energy saving).

Allowing adaptive UL-DL configurations depending on
traffic conditions in different cells can significantly improve
the system performance in some examples. FIG. 1 illustrates
an example where different UL-DL configurations can con-
sidered in different cells. Networks (e.g., HetNets or homo-
geneous networks) can involve a same carrier or different
carriers deployed by a single operator or different operators in
the same band and employing either a same or different
uplink-downlink (UL-DL) configurations. Where possible,
interference may include adjacent channel interference
(when different carrier frequencies are used) as well as co-
channel interference (when a same carrier frequency is used)
such as remote node-to-node interference (or BS-to-BS inter-
ference or eNB-to-eNB interference). For instance, the meth-
ods, processes, and system described herein can be straight-
forwardly extended to a scenario with two homogeneous
deployments belonging to different operators on adjacent
channels.

Legacy LTE TDD can support asymmetric UL-DL alloca-
tions by providing seven different semi-statically configured
uplink-downlink configurations. Table 1 illustrates seven UL-
DL configurations used in LTE, where “D” represents a
downlink subframe, “S” represents a special subframe, and
“U” represents an uplink subframe. In an example, the special
subframe can operate or be treated as a downlink subframe.
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As illustrated by Table 1, UL-DL configuration 0 can
include 6 uplink subframes in subframes 2, 3, 4, 7, 8, and 9,
and 4 downlink and special subframes in subframes O, 1, 5,
and 6; and UL-DL configuration 5 can include one uplink
subframe in subframe 2, and 9 downlink and special sub-
frames in subframes 0, 1, and 3-9.

As an underlying requirement in some examples, all cells
of the network change UL-DL (TDD) configurations syn-
chronously in order to avoid the interference. However, such
a requirement can constrain the traffic management capabili-
ties in different cells of the network. The legacy LTE TDD set
of configurations can provide DL subframe allocations in the
range between 40% and 90%, as shown in Table 1. The UL
and DL subframes allocation within a radio frame can be
reconfigured through system information broadcast signaling
(e.g., system information block [SIB]). Hence, the UL-DL
allocation once configured can be expected to vary semi-
statically.

Predetermined or semi-statically configured UL-DL con-
figurations may not match the instantaneous traffic situation
which can result in inefficient resource utilization, especially
in cells with a small number of users that download or upload
large amounts of data. Adaptive UL-DL configurations can be
used to handle cell-dependent traffic asymmetry and match
instantaneous traffic situations but can generate different
types of interferences if not taken into consideration. For such
time division LTE (TD-LTE) deployments with different UL-
DL configurations in different cells, the new types of inter-
ferences due to asymmetric UL-DL configurations can
include node-to-node (or BS-to-BS) and UE-to-UE interfer-
ence, which can be mitigated using various mechanisms
described herein. The impact of the inter-cell DL.—UL (node-
to-node) interference can significantly reduce the benefits
obtained from the adaptability of UL-DL configurations in
different cells. The methods, processes, and system described
herein can provide mechanisms to support dynamic alloca-
tion of UL-DL subframes in a backward compatible manner
with improved handling of the new interference types.

For example, a framework can be used for efficient opera-
tion of TDD-LTE systems with efficient support for adaptive
UL-DL subframe configurations based on traffic conditions
in different cells with considerations for backward compat-
ibility and handling of new interference types. The frame-
work can be extended to apply to adaptation of UL-DL TDD
configuration based not only on traffic conditions but can
include other performance metrics (e.g., energy saving) as
well.

First, a physical resource structure to support adaptive
UL-DL configurations in TD-LTE networks is presented
along with various considerations to ensure backward com-
patibility and avoid any detrimental effect on measurement
capabilities for legacy and advanced UEs. Then, mechanisms
to handle the new types of interference are presented with
emphasis on a more significant case of node-to-node interfer-
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ence. Finally, some signaling solutions to support adaptive
UL-DL configurations are presented.

The legacy TDD-LTE frame structure can be modified to
support adaptive UL-DL configurations and provide back-
ward compatibility to a legacy TDD-LTE frame structure. In
legacy TDD-LTE systems, seven different UL-DL configu-
rations can be defined (Configurations 0-6, as shown in Table
1) for LTE type-2 (TDD) frames. Some of the legacy sub-
frames may not change their transmission direction (DL or
UL) among different configurations (e.g., fixed subframes or
subframes 0, 1, 2, and 5, where 0 and 5 are DL subframes, 1
is a special subframe, and 2 is an UL subframe), while others
can be used for transmission direction in either DL or UL
transmission directions depending on the selected UL-DL
configuration.

For instance, based on an assumption of reusing the exist-
ing seven UL-DL configurations and not introducing addi-
tional configurations, the subframes whose transmit direction
(UL or DL) can be reconfigured can be defined as Flexible
Subframes (FlexSFs), as illustrated in FIG. 2. FIG. 2 illus-
trates a radio frame structure that supports a legacy UL/DL
configuration allocation for legacy UEs (in accordance with
the supported UL/DL configurations shown in Table 1) and
also facilitates a dynamic UL/DL re-configuration indication
mechanism for advanced UEs according to some embodi-
ments. The radio frame structure can include ten subframes
denoted by subframe index O through 9 from left to right.
Subframes 0, 5, and 6 can be designated as downlink sub-
frames, Subframe 1 can be designated as a special subframe
(i.e., Sp); Subframe 2 can be designated as an uplink sub-
frame; and Subframes 3, 4, 7, 8, and 9 can be designated as
flexible subframes (FlexSFs).

The flexible subframes within the radio frame can be des-
ignated for configuring flexible transmission directions,
where each of the flexible subframes can be dynamically
designated a downlink, uplink, special, or special uplink sub-
frame for advanced UEs, which can be configured with a
flexible subframe. The special uplink subframe can include a
downlink transmission period to transmit downlink control
channels, a central guard period (GP) to switch between a
downlink and uplink transmission, and an uplink data trans-
mission period. In a TDD-LTE deployment, the radio frame
structure can be 10 millisecond (ms) in a time duration and
each subframe within the radio frame structure can be 1 ms in
duration. In another configuration (not shown), any of the 10
subframes can be designated as flexible subframes (not just
Subframes 3, 4, 7, 8, and 9), which can be dynamically (e.g.,
1 ms) or semi-statically (e.g., every 600 ms) configured as a
DL, UL, or special subframe.

The FlexSFs can be used to adapt UL-DL subframe con-
figuration according to traffic/loading condition as well as for
interference management purposes. Thus, each LTE type-2
frame can include FlexSFs and non-flexible subframes (fixed
subframes). The fixed subframes can have fixed or semi-static
transmission direction (in either UL or DL) and may not
change their transmission directions to preserve backward
compatibility with legacy UEs.

A node (e.g., macro node, pico node, or femto node) can
utilize the FlexSFs (FIG. 2) and determine to change the
transmit direction of the FlexSFs dynamically based on local
traffic conditions and/or interference conditions. The FlexSFs
may be initialized to a default transmission direction and then
the FlexSFs may be adjusted based on the default UL-DL
configurations (one of the seven difterent legacy UL-DL con-
figurations), which may be different from the example shown
in FIG. 2.
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In an example, the FlexSFs can be transparent to legacy
UEs (with a transmission direction determined from one of
the seven different legacy UL-DL configurations) and the
UL-DL configuration can be changed semi-statically for
legacy UEs (i.e., unable to utilize FlexSFs that do not conform
to one of the seven different legacy UL-DL configurations)
through system information block typel (SIB1) information
bits. The framework can maximize the reuse of existing
UL/DL configurations, but the framework can be straightfor-
wardly extended to support additional new UL-DL configu-
rations. New UL-DL configurations may define new hybrid
automatic repeat request-timing (HARQ-timing) relationship
for both physical downlink shared channel (PDSCH) and
physical uplink shared channel (PUSCH) transmission. In an
example, the framework can support flexible subframe recon-
figuration without any negative impact on the cell-specific
reference signal-based (CRS-based) measurement accuracy
of'legacy UEs.

When the dynamically configured transmission direction
of FlexSFs is different from the default configuration as indi-
cated by SIB1, the FlexSFs may not be used and/or scheduled
for legacy UEs. Advanced UEs can allow the node (e.g., eNB)
to dynamically configure the FlexSFs to match the UL-DL
configuration with the instantaneous traffic situation effec-
tively. The advanced UEs can use UL-DL configurations
beyond the seven legacy UL-DL configurations. The physical
resource structure including the FlexSF and node scheduling
can maintain the existing PDSCH timing, PUSCH-physical
HARQ indicator channel (PUSCH-PHICH) timing, and UL
grant timing relationships, thereby avoiding additional defi-
nitions of any new timing relationships to support the FlexSF.
One approach to ensure backward compatibility and support
for legacy measurements, including DL control (physical
downlink control channel [PDCCH]) reception, may involve
imposing restrictions such as only UL subframes may be used
as FlexSFs and the resulting frame configuration from adap-
tive reconfiguration of one or more FlexSFs may belong to
one of the seven type 2 frame structures of Table 1.

Another approach that allows bidirectional switching
between UL-DL for a subframe while maintaining backward
compatibility and co-existence with legacy UEs may be real-
ized using multicast\broadcast single-frequency network-
type (MBSFN-type) subframes, as shown in FIG. 3. FIG. 3
illustrates a flexible subframes with switchable transmission
direction can be achieved with a “virtual” MBSFN setting.
The data region in FlexSFs, when configured as MBSFN
subframes for legacy UEs, can be dynamically configured as
with a DL direction (Pattern A) or a UL direction (Pattern B)
for advanced UEs through configuration indication field
(CIF) signaling. A control region (e.g., the PDCCH or first
two OFDM symbols) in the FlexSF may not change and may
remain as DL control region to maintain the measure accu-
racy and backward compatibility. The data region (e.g.,
remaining 12 OFDM symbols for normal cyclic prefix) can
switchably change transmission directions between UL and
DL.

In one example, the legacy PDCCH and PDSCH can rep-
resent elements of a radio frame structure transmitted on the
physical (PHY) layer in a downlink transmission between a
node (e.g., eNodeB) and the wireless device (e.g., UE) using
a generic long term evolution (LTE) frame structure, as illus-
trated in FIG. 4.

FIG. 4 illustrates a downlink radio frame structure type 2.
In the example, a radio frame 100 of a signal used to transmit
the data can be configured to have a duration, T, of 10 milli-
seconds (ms). Each radio frame can be segmented or divided
into ten subframes 110; that are each 1 ms long. Each sub-
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frame can be further subdivided into two slots 120a and 1205,
each with a duration, T, ,, of 0.5 ms. The first slot (#0) 120a
can include a legacy physical downlink control channel (PD-
CCH) 160 and/or a physical downlink shared channel (PD-
SCH) 166, and the second slot (#1) 1205 can include data
transmitted using the PDSCH.

Each slot for a component carrier (CC) used by the node
and the wireless device can include multiple resource blocks
(RBs) 130a, 1305, 130i, 130m, and 130z based on the CC
frequency bandwidth. The CC can have a carrier frequency
having a bandwidth and center frequency. Each subframe of
the CC can include downlink control information (DCI)
found in the legacy PDCCH. The legacy PDCCH in the con-
trol region can include one to three columns of the first
OFDM symbols in each subframe or physical RB (PRB),
when a legacy PDCCH is used. The remaining 11 to 13
OFDM symbols in the subframe may be allocated to the
PDSCH for data (for short or normal cyclic prefix).

Each RB (physical RB or PRB) 130i can include 12 15
kHz-subcarriers 136 (on the frequency axis) and 6 or 7
orthogonal frequency-division multiplexing (OFDM) sym-
bols 132 (on the time axis) per slot. The RB can use seven
OFDM symbols if a short or normal cyclic prefix (CP) is
employed. The RB can use six OFDM symbols if an extended
cyclic prefix is used. The resource block can be mapped to 84
resource elements (REs) 1407 using short or normal cyclic
prefixing, or the resource block can be mapped to 72 REs (not
shown) using extended cyclic prefixing. The RE can be a unit
of one OFDM symbol 142 by one subcarrier (i.e., 15 kHz)
146.

Each RE can transmit two bits 150a and 1505 of informa-
tion in the case of quadrature phase-shift keying (QPSK)
modulation. Other types of modulation may be used, such as
16 quadrature amplitude modulation (QAM) or 64 QAM to
transmit a greater number of bits in each RE, or bi-phase shift
keying (BPSK) modulation to transmit a lesser number of bits
(a single bit) in each RE. The RB can be configured for a
downlink transmission from the eNodeB to the UE, or the RB
can be configured for an uplink transmission from the UE to
the eNodeB.

Interference management (IM) in TDD-LTE systems can
be used with adaptive UL-DL configurations, which can
include flexible subframes. As discussed previously, adaptive
UL-DL configurations in different cells (i.e., asymmetric UL-
DL configurations) can lead to new interference types, such
as UE-to-UE and node-to-node interference. Of the various
interference types, the case of DL—UL interference (e.g.,
node-to-node interference) can be a more significant form of
interference that, if not handled effectively, can reduce the
performance improvements from adapting UL-DL configu-
rations to match traffic conditions in respective cells.

To address the DL—UL interference while maximizing the
overall system performance, various IM principles can be
used. For example, DL signal-to-noise-and-interference ratio
(SINR) can be less sensitive to UL interference and UL SINR
can be more sensitive to DL interference, especially from DL
interference caused by a macro cell. The macro node can use
flexible subframes (FlexSF), also referred to as interference
management subframes (IMS), either with reduced DL trans-
mit power or configured as UL subframe, when the macro DL,
causes severe interference to neighboring cells or a majority
of small cells’ UL FlexSF within the macro cell coverage
area. Alternatively, the small cell (e.g, femto cell or pico cell)
can use FlexSF either with a reduced DL transmit power or
configured as UL subframe when the small cell causes severe
interference to neighboring the small cells’ UL FlexSF within
the small cell’s coverage area or the macro cell’s coverage
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area. The IM principles can be used to help determine when a
macro node or low power node (LPN) may configure a
FlexSF as a DL subframe or not configure the FlexSF as a DL
subframe and with what DL transmit power level, by consid-
ering the impact of interference generated to any nearby cells
that may be operating in UL mode.

IM clustering can be an IM mechanism to mitigate node-
to-node interference. In IM clustering, the entire network can
be divided into a number of clusters of cells that can be
considered as isolated (de-coupled) from each other. The cells
within each cluster can use a same TDD configuration that is
adapted according to the traffic conditions within the cluster,
while the cells in different clusters may have UL-DL sub-
frame configurations that are independent of other clusters.

FIG. 5 depicts the formation of multiple clusters based on
coupling levels between nodes. As used herein, the term cou-
pling interference, coupling level, and/or interference level
refers to a measurement of a DL transmission by one node at
another node, which can be a measurement of potential inter-
ference. FIG. 5 illustrates five different LPNs 2024-e with
their corresponding cell coverage areas 204a-¢. However, any
number of nodes and combinations of LPNs and macro nodes
can be used. Additionally, a coupling level between each pair
of' nodes is shown. Coupling levels above a coupling thresh-
old are depicted by solid, bold arrows 208, 210. Coupling
levels not above the coupling threshold are depicted as thin,
dashed arrows. The coupling threshold can be set at a prede-
termined level at which a potential for node-to-node and
UE-to-UE interference can begin to be significant. In an
example, the coupling threshold can be determined by a
SINR.

The two coupling levels above a coupling threshold 208,
210 can be the basis for forming a first cluster 212 with the
firstnode 202a and the second node 2025 and a second cluster
214 with the fourth node 2024 and the fifth node 202e. Since
no coupling level above the coupling threshold exists between
the third node 202¢ and any other nodes, a third cluster 516,
with a single node, can be formed. Each cluster can have a
different UL-DL/TDD configuration, as indicated by the first
UL-DL/TDD configuration 218 (corresponding to UL-DL/
TDD configuration #4 in Table 1) for the first cluster 212, the
second UL-DL/TDD configuration 220 (corresponding to
UL-DL/TDD configuration #3 in Table 1) for the second
cluster 214, and the third UL-DL/TDD configuration 222
(corresponding to UL-DL/TDD configuration #6 in Table 1)
for the third cluster 216.

The three clusters are depicted at the fifth timeslot/sub-
frame (labeled #4), where potential conflicts in directional
traffic exist, but interference problems can be mitigated by the
formation of different clusters. Potential conflicts can also
exist on the eighth and ninth sub-frames (labeled #7 and #8,
respectively). The formation of several different clusters
allows the wireless wide area network (WWAN) 200 to adapt
in near real time to differing directional transmission traffic
loads within the different clusters. Differing traffic loads can
be depicted by differing numbers of arrows from UEs to
nodes and from nodes to UEs 206 depicting differing relative
demands for UL and DL transmissions respectively. The vari-
ous UL-DL/TDD configurations 218, 220, and 222 can be
modified to meet these demands for UL and DL transmis-
sions.

To facilitate the determination of UL-DL/TDD configura-
tions 218, 220, and 222, nodes can communicate their direc-
tional traffic needs between one another over low-latency
backhaul infrastructure. Individual nodes within a cluster can
be configured to send traffic direction information about traf-
fic direction needs and receive such traffic direction informa-
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tion. Decisions about a common UL-DL/TDD configuration
or a restricted set of UL-DL configurations for a cluster 212,
214, and 216 can be made on the basis of joint UL and DL
needs throughout the cluster and/or splitting differences
between UL and DL traffic demands at individual nodes in the
cluster.

Decisions about UL-DL/TDD configurations can be made
at individual nodes and/or at a network level. Determinations
for UL-DL/TDD configurations for different clusters can be
continually made and updated independent of one another to
respond to dynamically changing directional traffic loads
monitored within individual clusters.

As described, an isolated cluster can be a group of cells (or
cluster) for which the DL and UL performance (e.g. SINR) of
the cells in the cluster are not deemed sensitive to the trans-
mission direction of neighboring cells outside the cluster (in
other clusters), and the change of transmission direction in the
cells of the cluster may not degrade performance of the neigh-
boring cells outside the cluster (in other clusters). Clusters
can be merged into a bigger cluster, when isolated clusters
overlap with one or more cells being common to both clusters.
Clusters can be split into smaller clusters, when a group of
cells within the cluster are no longer sensitive to the trans-
mission direction of other groups of cells within the cluster.

The identification of the IM clusters may be based on
comparing pathloss values corresponding to the node-to-
node channels between different cells to a pre-determined
threshold, which may be cell-specific. In an example, the
configurations of the IM clusters can be updated in a semi-
static manner. In another example, the configurations of an
IM cluster or a subset of the IM cluster can change dynami-
cally based on the traffic conditions in the cells. For instance,
a single cluster may be de-coupled into two or more subclus-
ters if certain cells that couple these smaller clusters are
deactivated (e.g., have no active traffic). In another configu-
ration, IM clustering can be extended to include semi-static
coordination between IM clusters and dynamic coordination
between sub-clusters within an IM cluster.

In an example to generate the IM cluster, each node can
search for neighboring nodes and acquire time and frequency
synchronization with a neighboring cell in a same frequency
and detect the neighboring cell identifier (ID) using synchro-
nization signals received previously at power-up. Time and
frequency synchronization information about neighboring
nodes may also be made available at each node via informa-
tion exchange over the backhaul. The node can perform cor-
responding reference signal received power (RSRP) and/or
reference signal received quality (RSRQ) measurements for
each neighboring cell detected. In an example, the RSRP
and/or RSRQ measurements can be taken in fixed subframes
to allow backward compatibility and allow for use of flexible
subframes. Each node can generate a measurement report and
send the measurement report to other neighboring nodes or a
network entity (e.g., central processing module [CPM], cen-
tralized processing unit, or a specified node). The network
entity (NE) can be assigned to generate IM clusters and/or
coordinate UL-DL configurations between cells. The mea-
surement report can include a neighboring cell’s physical-
layer cell identity (PCI), a RSRP value, and/or a RSRQ value.
The NE can receive the measurement results reported from
neighboring nodes to generate isolated cell identification
(ICI) and determine whether to support UL-DL configuration
functionality at the neighboring nodes, where neighboring
nodes can be triggered automatically (i.e., automatic UL-DL
reconfiguration). The NE can calculate and/or determine an
UL-DL configuration indication status and send an UL-DL
configuration indication to a neighboring node and neighbor-
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ing cells when the UL-DL configuration indication is
changed compared with previous states based on the output of
automatic UL-DL configuration function. The UL-DL con-
figuration indication can be used to inform the neighboring
node that UL-DL reconfiguration functionality is enabled or
disabled. The neighboring node can set the UL-DL reconfigu-
ration enable or disable decision based on the UL-DL con-
figuration indication received from NE.

As illustrated, to obtain RSRP-type information for node-
to-node channels, some timing coordination may be used for
one cell to make RSRP-type measurements on the cell’s
uplink from the cell’s neighboring cells. More specifically,
certain subframes may be configured to be in UL mode in the
measuring cell while the cell to be measured operates in DL,
mode. Then, once synchronization is achieved, CRS (or chan-
nel state information reference signals [CSI-RS]) based path-
loss estimation may be utilized by the measuring cell to
estimate the pathloss. In an example, coordination between
neighboring nodes can be facilitated via network coordina-
tion (e.g., NE). A cell can in a measuring mode when the cell
does not have an active load. Pathloss measurements from a
cell may be performed while the cell is in DL, mode (trans-
mitting either regular or MBSFN subframes), while the mea-
suring cell can be in UL mode during the measurements.
Information regarding the synchronization signals, CRS
ports, CSI-RS resources, and/or transmit power information
can be conveyed to the measuring cell via the backhaul (X2
and/or point-to-point fiber connection). Further coordination
between the cells in the IM cluster may be used as well, such
as exchange of information regarding traffic conditions or a
preferred UL-DL configuration. Alternatively, pathloss mea-
surements between neighboring nodes may be done with
additional signaling that can be defined specifically for IM
clustering or can be implemented using a vendor specific
procedure and/or protocol.

Moreover, for the above-defined clusters of cells operating
in DL mode, the DL throughput performance may be further
improved by using an appropriate DL, Coordinated Multi-
Point (CoMP) technique within the IM cluster depending on
the loading and interference conditions within the IM cluster.
However, depending on the IM cluster and the DI, CoMP
measurement set sizes, the configuration of the CoMP set
may, in general, be independent of the configuration of the IM
cluster. Similarly, eICIC techniques may also be used in con-
junction with IM methods (e.g., IM clustering) to further
improve the performance via static and/or semi-static coor-
dination of macro transmissions over a larger network area.

A Coordinated MultiPoint (CoMP) system may be used to
reduce interference from neighboring nodes in both homoge-
neous networks and HetNets. In the Coordinated MultiPoint
(CoMP) system, the nodes, referred to as cooperating nodes,
can also be grouped together with other nodes where the
nodes from multiple cells can transmit signals to the wireless
device and receive signals from the wireless device. The
cooperating nodes can be nodes in the homogeneous network
or macro nodes and/or lower power nodes (LPN) in the Het-
Net. CoMP operation can apply to downlink transmissions
and uplink transmissions.

Downlink CoMP operation can be divided into two catego-
ries: coordinated scheduling or coordinated beamforming
(CS/CB or CS/CBF), and joint processing or joint transmis-
sion (JP/JT). With CS/CB, a given subframe can be transmit-
ted from one cell to a given wireless device (e.g., UE), and the
scheduling, including coordinated beamforming, is dynami-
cally coordinated between the cells in order to control and/or
reduce the interference between different transmissions. For
joint processing, joint transmission can be performed by mul-
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tiple cells to a wireless device (e.g., UE), in which multiple
nodes transmit at the same time using the same time and
frequency radio resources and/or dynamic cell selection.

Two methods can be used for joint transmission: non-
coherent transmission, which uses soft-combining reception
of the OFDM signal; and coherent transmission, which per-
forms precoding between cells for in-phase combining at the
receiver. By coordinating and combining signals from mul-
tiple antennas, CoMP, allows mobile users to enjoy consistent
performance and quality for high-bandwidth services
whether the mobile user is close to the center of a cell or at the
outer edges of the cell.

Uplink CoMP operation can be divided into two catego-
ries: joint reception (JR) and coordinated scheduling and
beamforming (CS/CB). With JR, a physical uplink shared
channel (PUSCH) transmitted by the wireless device (e.g.,
UE) can be received jointly at multiple points at a time frame.
The set of the multiple points can constitute the CoMP recep-
tion point (RP) set, and can be included in part of UL CoMP
cooperating set or in an entire UL, CoMP cooperating set. JR
can be used to improve the received signal quality. In CS/CB,
user scheduling and precoding selection decisions can be
made with coordination among points corresponding to the
UL CoMP cooperating set. With CS/CB, PUSCH transmitted
by the UE can be received at one point.

FIG. 6A illustrates an example of a coordination area 308
(outlined with a bold line) of an intra-site CoMP system in a
homogenous network, which can illustrate LTE CoMP sce-
nario 1. Each node 310A and 312B-G can serve multiple cells
(or sectors) 320A-G, 322A-G, and 324A-G. Thecellcanbe a
logical definition generated by the node or geographic trans-
mission area or sub-area (within a total coverage area) cov-
ered by the node, which can include a specific cell identifica-
tion (ID) that defines the parameters for the cell, such as
control channels, reference signals, and component carriers
(CC) frequencies. By coordinating transmission among mul-
tiple cells, interference from other cells can be reduced and
the received power of the desired signal can be increased. The
nodes outside the CoMP system can be non-cooperating
nodes 312B-G. In an example, the CoMP system can be
illustrated as a plurality of cooperating nodes (not shown)
surrounded by a plurality of non-cooperating nodes.

FIG. 6B illustrates an example of an inter-site CoMP sys-
tem with high power remote radio heads (RRHs) in a homog-
enous network, which can illustrate LTE CoMP scenario 2. A
coordination area 306 (outlined with a bold line) can include
eNBs 310A and RRHs 314H-M, where each RRH can be
configured to communicate with the eNB via a backhaul link
(optical or wired link). The cooperating nodes can include
eNBs and RRHs. In a CoMP system, the nodes can be
grouped together as cooperating nodes in adjacent cells,
where the cooperating nodes from multiple cells can transmit
signals to the wireless device 302 and receive signals from the
wireless device. The cooperating nodes can coordinate trans-
mission/reception of signals from/to the wireless device 302
(e.g., UE). The cooperating node of each CoMP system can
be included in a coordinating set.

FIG. 6C illustrates an example of a CoMP system with low
power nodes (LPNs) in a macro cell coverage area. FIG. 6C
can illustrate LTE CoMP scenarios 3 and 4. In the intra-site
CoMP example illustrated in FIG. 6C, LPNs (or RRHs) of a
macro node 310A may be located at different locations in
space, and CoMP coordination may be within a single mac-
rocell. A coordination area 304 can include eNBs 310A and
LPNs 380N-S, where each LPN can be configured to com-
municate with the eNB via a backhaul link 332 (optical or
wired link). A cell 326A of a macro node may be further
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sub-divided into sub-cells 330N-S. LPNs (or RRHs) 380N-S
may transmit and receive signals for a sub-cell. A wireless
device 302 can be on a sub-cell edge (or cell-edge) and
intra-site CoMP coordination can occur between the LPNs
(or RRHs) or between the eNB and the LPNs. In CoMP
scenario 3, the low power RRHs providing transmission/
reception points within the macrocell coverage area can have
different cell IDs from the macro cell. In CoMP scenario 4,
the low power RRHs providing transmission/reception points
within the macrocell coverage area can have a same cell ID as
the macro cell.

A network can support frequency domain inter-cell inter-
ference coordination (ICIC) or time domain enhanced ICIC
(eICIC). In an example, ICIC can be used to decrease inter-
ference between neighboring cells or nodes (e.g., coordina-
tion nodes or cooperation nodes) by lowering the power of a
part of the subchannels in the frequency domain which then
can be received close to the node. The subchannels do not
interfere with the same subchannels used in neighboring cells
and thus, data can be sent to wireless devices that are close to
the cell with less interference on these subchannels.

Another ICIC technique is enhanced ICIC (eICIC) used in
the time domain for heterogeneous networks (HetNets),
where a high power macro cell can be complemented with
low power nodes such as pico cells (hotspots in shopping
centers or at airports) or femto cells (hotspots in small areas
such as homes or businesses). The low power nodes can exist
inside a macro cell coverage area. The macro cell can transmit
long range high power signals, and the low power nodes can
transmit low power signals over short distances. In an
example to mitigate interference between the macro cell and
the several low power nodes located within the macro cell
coverage area, eICIC can coordinate the blanking of sub-
frames in the time domain in the macro cell by using MBSFN-
type subframes. As used herein, a cell can refer to the node
(e.g., eNB) configured to communicate with wireless devices
within a geographic region that is referred to as a cell cover-
age area.

In another example, the backhaul link can be used to
inform the victim cell (e.g., operating in UL mode) of partial
or full information regarding the transmissions from a
coupled aggressor cell (e.g., operating in DL mode), such that
the victim cell may partially or completely cancel the inter-
ference from the aggressor cell’s DL transmission first before
decoding the UL transmissions from UEs in the victim cell
via successive interference cancellation. Alternatively in a
case of centralized processing, centralized radio access net-
work (GRAN or C-RAN) based network architecture remote
radio heads (RRHs) can be connected directly to a centralized
processing module (CPM) or centralized processing unit (e.g.
using optical, wired, or wireless link) where information
about a transmit signal for set of RRHs and/or macro cells can
be available and can be utilized for compensation of inter-cell
interference between RRHs and/or eNBs (i.e., between dif-
ferent types of cells having opposite transmission directions).

FIG. 7 illustrates an example of inter-node interference 880
(including inter-cell interference) between nodes 810 and 812
(e.g., node-to-node interference) and inter-user interference
884 between users or wireless devices 850 and 852 (e.g.,
UE-to-UE interference) for a homogeneous network deploy-
ment scenario. The different types of interference, including
inter-cell interference and inter-user interference, if not
account for, may limit the potential benefits of adapting TDD
systems to dynamic traffic conditions.

Due to the relatively high transmission power of the nodes,
inter-cell interference (e.g., node-to-node interference) can
be a severe problem. For example, the propagation character-
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istics between nodes (e.g., macro nodes) can be line-of-sight
(LOS) with a transmit power approximately 25-30 decibels
(dB) higher than the power of a user terminal or a wireless
device. The decibel (dB) is a logarithmic unit that indicates
the ratio of a physical quantity (usually power or intensity)
relative to a specified or implied reference level. Thus, the
power level of a received uplink signal 872 from the wireless
device 850 can be less than the power of the inter-node inter-
ference signal 870 from the aggressor node. Synchronous
TDD networks using the same synchronous TDD configura-
tion over the whole network has been used to avoid inter-node
interference.

Inter-node interference can be compensated for or can-
celled atareceiving node (e.g., victim node or an uplink node)
allowing for asymmetrical DL and UL configurations across
the multi-cell environment with reduced interference and
greater efficiency of TDD networks. A node (e.g., eNB) can
be either a victim node or an aggressor node based on the DL,
or UL configuration of the node at a specified time interval.
For example, if at one time interval, the node 810 is receiving
anuplink (UL) transmission from a wireless device 850 while
another node 812 is transmitting a downlink (DL) transmis-
sion, the node can be referred to as a victim node or an uplink
node. If at another time interval, the node 812 is transmitting
a DL transmission to a wireless device 852 while another
node 810 is receiving an UL transmission, the node can be
referred to as an aggressor node or a downlink node.

In an example, the victim node 810 can receive DL signal
information from an aggressor node 812 via a backhaul com-
munication link 844, such as X2 signaling via a wired con-
nection or an optical fiber connection. At the victim node, a
channel impulse response 880 for a channel between the
aggressor node and the victim node can be estimated using the
downlink signal information. An inter-node interference sig-
nal for the channel can be estimated using the downlink signal
information and the channel impulse response. The victim
node can receive an uplink signal 860 from a wireless device
850 after the downlink signal information of the aggressor
node is received and the inter-node interference signal is
estimated. The estimated inter-node interference signal can
be subtracted from the uplink signal to form an inter-node
interference compensated uplink signal, which can substan-
tially cancel the inter-node interference from the aggressor
node in the uplink signal thus allowing a reliable and high
throughput transmission between the victim node and wire-
less device.

Although, FIG. 7 illustrates a homogeneous network, the
methods, systems, devices, and interference described herein
can also be applicable to heterogeneous networks. In another
example, such as in a centralized radio access network
(C-RAN) or a HetNet, inter-node interference cancellation
can be provided by at a central processing module (CPM). In
an example the CPM can be used as a baseband unit (BBU)
for multiple stations of the network.

FIG. 8 illustrates a CPM 840 in communication with a
macro node 814 and low power nodes (LLPNs) 830 and 832 via
a backhaul communication link 842, such as X2 signaling (or
other vendor specific connections and protocols) via a wired
connection or an optical fiber connection. The CPM can gen-
erate a downlink signal for a downlink node 814. The CPM
can estimate a channel impulse response 890 for a channel
between the downlink node and an uplink node 830 using the
downlink signal transmitted by the downlink node. The CPM
can determine an inter-node interference signal for the chan-
nel using the downlink signal and the channel impulse
response. The downlink signal 874 can be transmitted via the
downlink node. The CPM can receive an uplink signal 864
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from a wireless device via the uplink node at a substantially
same time as the downlink signal is transmitted. The received
inter-node interference signal can be subtracted from the
uplink signal to form an inter-node interference compensated
uplink signal to substantially cancel the inter-node interfer-
ence from the downlink node in the uplink signal.

Inter-node interference cancellation can provide a mecha-
nism to cancel, reduce, or possibly even eliminate inter-node
interference in TDD networks for dynamic non-aligned
DL/UL frame configurations between nodes or cells. Addi-
tionally, inter-node interference cancellation can be used to
provide coexistence of TDD and FDD networks.

Referring back to FIG. 7 of a homogeneous network
deployment operating in dynamic TDD mode at a specified
time interval, a victim node 810 in a victim node cell area 816
can be in proximity to an aggressor node 812 in an aggressor
node cell area 818. Inter-node interference cancellation can
be provided for the victim node operating in UL (victim cell)
and the aggressor node operating in DL (aggressor cell). The
uplink signal received 860 by the victim node can be repre-
sented by Yoz, (0-hons, 1, s (O+hon, vz, D5 (D40()

where s, (t) 872 is an uplink signal transmitted by a victim
cell wireless device (i.e., a wireless device) 850 to the victim
node, s(t) 870 is adownlink signal transmitted by the aggres-
sor node to an aggressor cell wireless device (i.e., a second
wireless device) 852, n(t) is additive noise from other sources,
h 5,5, 882 is a channel impulse response between the vic-
tim cell wireless device and the victim node, h, 5 _.nz, 88015
a channel impulse response between the aggressor node and
the victim node.

FIG. 7 also illustrates a downlink signal received 862 by
the aggressor cell wireless device, including the downlink
signal with the channel impulse response 886 between the
aggressor cell wireless device and the aggressor node, and the
uplink signal acting as interference with the channel impulse
response 884 between the victim cell wireless device and the
aggressor cell wireless device.

Without interference, the uplink signal received can be
represented by h,nz UE1® szA1), the linear convolution of
the channel impulse response between the victim cell wire-
less device and the victim node combined with the uplink
signal transmitted by a victim cell wireless device. The power
of the interference signal h,z _.n5,(X) sp(t) generated by the
aggressor node can be much higher than the power of the
useful uplink signal h NBI_UE1® sy(t). Removing the addi-
tive term heNBl_eNBZC)é sp(t) of the inter-node interference
signal from a neighboring node (e.g., aggressor node) can
allow the victim node to successtfully receive the uplink signal
s;(1) in some scenarios.

The interfering node (i.e., aggressor node) 812 can pro-
vide, over the backhaul link 844, the downlink signal infor-
mation on the transmitted signal 870 to the receiving node
(i.e., victim node) 810. Both the interfering node and the
receiving node can receive the downlink signal information
from each other since, both nodes can provide downlink
transmission at different intervals of time. The downlink sig-
nal information exchange may be implemented in different
ways. In one embodiment, the downlink signal information
may include a direct waveform s ,(t) 870.

In another embodiment, the downlink signal information
may include the specific information used to reconstruct the
transmitted waveform s,(t) at the victim node. Such specific
information may include information bits, a resource alloca-
tion, a multiple input multiple output (MIMO) transmission
mode, a modulation and code rate, and combination of this
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specific information. The signal transmitted by aggressor
node can become fully or partially known and available at the
victim node.

Once the transmitted inter-cell interference waveform s (1)
870 is available at the victim node 810, the victim node may
use the inter-cell interference waveform to estimate the chan-
nel impulse response h, 5 ., 880 or channel transfer func-
tion between the victim node and the aggressor node. The
channel estimation accuracy of the channel impulse response
can be very high due to a large processing gain which comes
from a knowledge of the transmitted waveform s, (t). Alter-
natively, channel estimation may be performed with addition
information provided by reference signals (RS) or synchro-
nization signals in the system, or the channel estimate may be
provided by the network when the channel estimate was pre-
viously measured.

The victim node 810 can estimate or reconstruct the
received inter-cell interference signal heNBl_eNBz® sp(t) and
subtract the inter-cell interference signal from the received
signal y,z (t) 860, thus suppressing the inter-cell interfer-
ence. When the inter-cell interference channel estimation can
be accurately estimated, the inter-node interference compen-
sated uplink signal at the victim node X, (t) may be repre-
sented by:

xeNBl(l):yeNBl(l)_heNBl—eNBz® SD(Z):heNBl—UE1® sylD)+n(r),
which can
substantially cancel the inter-node interference from the
aggressor node in the uplink signal.

Thus, inter-node interference cancellation can remove
most of the inter-node interference, which can make the
reception of the uplink signal feasible in an asymmetric UL-
DL configuration between neighboring nodes. Inter-node
interference cancellation can provide the TDD networks an
additional option to dynamically control the TDD configura-
tion in each cell of the network based on the instantaneous DL
and UL traffic asymmetry.

Inter-node interference cancellation can be used in Het-
Nets or a centralized, cooperative, or cloud radio access net-
work (GRAN or C-RAN), where the node functionality can
be subdivided between a baseband unit (BBU) processing
pool and a remote radio unit (RRU) or a remote radio head
(RRH) with optical fiber connecting the BBU to the RRU.
The C-RAN can provide centralized processing, co-operative
radio, and a real-time cloud infrastructure RAN.

As illustrated in FIG. 9, the C-RAN can be composed of
three parts: a remote radio pool 430 equipped by remote radio
units (RRUs) 432A-1 with antennas, a shared virtual base
station or a baseband processing pool 410 including baseband
units (BBUs) 412A-C, and a fiber or cable 422A-D and 424G
in a physical transport network 420 connecting at least one of
the RRUs in the remote radio pool to at least one of the BBUs
in the baseband pool. The baseband processing pool can be
centralized. Each BBU can include a high-performance gen-
eral purpose processor, a real-time virtualization processor,
and/or a physical (PHY) layer processor and/or a MAC layer
processor 414A-F. The BBUs can be coupled to a load bal-
ancer and switch 418A-B via electrical or optical cabling
426C. The physical transport network can be a low-latency
transport network, a bandwidth-efficient network, and/or an
optical transport network 420 using optical fiber or optical
cabling.

In another example, the physical transport network can be
a high speed electrical transport network. The physical trans-
port network can provide a physical communication link
between the BBU and the RRU. The physical communication
link can include an optical fiber link or a wired electrical link.
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The BBU can be referred to as a radio element controller
(REC). The RRU can be referred to as a remote radio head
(RRH), aremote radio equipment (RRE), a relay station (RS),
or a radio equipment (RE). Each RRU can be separated from
the BBU by a selected distance. Each RRU can include a
sector, cell, or coverage area 438E for a wireless device, such
as a user equipment (UE) 434 A-J, where the wireless device
may be located within multiple sectors, cells, or coverage
areas. The distributed RRUs of the C-RAN can provide a
RAN with high capacity and a wide coverage area.

RRUs 432A-1 can be smaller, easier to install, easier to
maintain, and consume less power than the BBUs 412A-C.
The baseband processing pool 110 can aggregate the process-
ing power of the BBU through real-time virtualization tech-
nology and provide the signal processing capacity to the
virtual BTSs or RRUs in the pool. The physical transport
network can distribute the processed signals to the RRUs in
the remote radio pool 430. The centralized BBU pool can
reduce the number of node rooms used for BBUs and can
make resource aggregation and large-scale cooperative radio
transmission/reception possible. The C-RAN can dynami-
cally switch a serving gateway’s (S-GW) connectivity from a
first BBU to a second BBU in the BBU pool. In another
example, the C-RAN can dynamically switch a BBU’s con-
nectivity from a first RRU to a second RRU in the RRU pool.

Referring back to FIG. 8, a heterogeneous network deploy-
ment operating in dynamic TDD mode at a specified time
interval can provide the inter-node interference cancellation
in HetNets and/or a C-RAN. Inter-node interference cancel-
lation can apply to nodes in a heterogeneous cooperative
network with a central processing module (CPM) or central-
ized processing unit and remote radio heads (or macro node or
LPNs).

In an example, the CPM can be used as a baseband unit
(BBU) for multiple stations of the network. When the CPM is
used, a backhaul link for transmitting downlink signal infor-
mation to an uplink node may not be needed and processing,
such as construction of a transmit waveform, inter-node chan-
nel estimation, and subtraction of the inter-node interference
signal from the received uplink signal, may be directly imple-
mented at the CPM, which may also control operation of
several cells, nodes, or remote radio heads (RRH).

FIG. 8 illustrates a CPM 840 in communication with a
macro node 814 and low power nodes (LLPNs) 830 and 832 via
a backhaul communication link 842, such as X2 signaling via
a wired connection or an optical fiber connection. The CPM
can generate a downlink signal for a downlink node 814. The
CPM can estimate a channel impulse response 890 for a
channel between the downlink node and an uplink node 830
using the downlink signal or downlink signal information.
The CPM can determine an inter-node interference signal for
the channel using the downlink signal and the channel
impulse response. The downlink signal 874 can be transmit-
ted via the downlink node. The CPM can receive an uplink
signal 864 from a wireless device via the uplink node at a
substantially same time as the downlink signal is transmitted.
The received inter-node interference signal can be subtracted
from the uplink signal to form an inter-node interference
compensated uplink signal to substantially cancel the inter-
node interference from the downlink node in the uplink sig-
nal.

Inter-node interference cancellation can be provided for
the uplink node 830 or 832 operating in an UL in proximity to
downlink node 814 operating in a DL. The uplink signal
received 864 by the uplink node 830 can be represented by

Yz, ez 0, @ sy (O Hhrgpe @ spoyn(),
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where s, (t) 876 is an uplink signal transmitted by a wireless
device 854 to the uplink node, s,,(t) 874 is a downlink signal
transmitted by the downlink node 214 to a second wireless
device 856, n(t) is additive noise from other sources,
hergr, .z, 892 is a channel impulse response between the
wireless device and the uplink node, hgzz, vz 890 1s a chan-
nel impulse response between the downlink node and the
uplink node.

FIG. 8 also illustrates a second uplink signal received
Yrez, (1) 866 by asecond uplink node 832, where s, (t) 878 is
an second uplink signal transmitted by a third wireless device
858 to the second uplink node, hzzz, 77z, 896 is a channel
impulse response between the third wireless device and the
second uplink node, and hy ;. . 894 is a channel impulse
response between the downlink node and the second uplink
node. FIG. 8 also illustrates a downlink signal received by the
second wireless device, including the downlink signal with
the channel impulse response hyz, vz 898 between the sec-
ond wireless device and the downlink node.

Inter-node interference cancellation can be used in combi-
nation with MIMO beamforming techniques. For example,
the transmit beamforming at the aggressor node or downlink
node can provide null steering in the direction of the victim
node or uplink node to minimize the signal transmission
power emitted in the direction of the victim node or uplink
node. Receiver (RX) beamforming and interference cancel-
lation at the side of the victim node or uplink node can provide
preliminary inter-cell interference compensation caused by
the aggressor node or downlink node.

In another example, inter-cell interference cancellation can
be applied to asynchronous DL and UL transmissions in
different cells by using a reference interference signal wave-
form exchanged through the backhauling link between neigh-
boring nodes. Inter-cell interference cancellation can include
reconstruction of the DL signal waveforms from aggressor
cells and/or adaptation to DL and UL traffic asymmetry in
TDD networks.

In another configuration, explicit and implicit signaling
can support adaptive UL-DL configurations in TDD-LTE
systems. The signaling design to indicate the reconfiguration
of the UL-DL configuration can depend on the frequency of
reconfiguration to adapt to traffic conditions. As stated previ-
ously, the UL-DL configuration for legacy UEs can be
changed semi-statically through SIB1 information bits. Re-
configuration to adapt to traffic conditions, if done semi-
statically, may also be supported via explicit signaling of the
UL-DL configuration (including the flexible subframe) via a
radio resource control (RRC) layer or by a media access
control-control element (MAC-CE).

If adaptation is performed dynamically, the PDCCH or the
enhanced physical downlink control channel (ePDCCH) car-
rying the relevant (UL/DL) DCI may be used to explicitly
inform the advanced UEs of the UL-DL configuration in a
dynamic way. For a dynamic signaling approach, either a
specific DCI format (of the same size as DCI format 1C in
LTE) may be designed that can also support UL-DL subframe
configuration adaptation for multiple component carriers
(CCs), or the configuration indication field (CIF) may be
added to the existing backward compatible DCI formats. In
an example, the specific DCI format to support UL-DL sub-
frame configuration adaptation for multiple CCs can include
multiple CIFs and/or use a configuration indicator-radio net-
work temporary identifier (CI-RNTI). While fast adaptations
(on scale of few milliseconds) may be beneficial in terms of
matching the traffic conditions in respective cells, fast adap-
tations can lead to excessive signaling overhead if explicit
signaling of the UL-DL subframe configuration is used.
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Implicit signaling based on a subframe-pairing technique
may also be used to dynamically indicate UL-DL configura-
tions. Implicit signaling can rely on existing timing relation-
ships for UL grants, PDSCH hybrid automatic repeat request-
acknowledgement (HARQ-ACK) timing, and PHICH timing
in legacy networks without explicit signaling. During implicit
signaling the node may not explicitly signal or inform the UE
of the FlexSF transmission direction (e.g., UL or DL). For
implicit signaling, the wireless device (e.g., UE) can consider
a FlexSF as a DL subframe in the absence of an UL grant in
the DCI carried by the PDCCH on a relevant DL subframe
(based on the UL grant timing). For an uplink subframe, the
wireless device can use a pattern B MBSFN-type subframe
(i.e., false MBSFN subframe) with a PDCCH, as shown in
FIG. 3. Thus, implicit signaling can enable dynamic signaling
of'the UL-DL subframe configuration without increasing the
signaling overhead. The MBSFN-type subframe design
shown in FIG. 3 can enable an implicit signaling scheme.
Implicit can be used to reduce signaling bandwidth and/or
provide energy or power savings.

Automatic Repeat reQuest is a feedback mechanism
whereby a receiving terminal requests retransmission of
packets which are detected to be erroneous. Hybrid ARQ is a
simultaneous combination of Automatic Retransmission
reQuest (ARQ) and forward error correction (FEC) which
can enables the overhead of error correction to be adapted
dynamically depending on the channel quality. When HARQ
is used and if the errors can be corrected by FEC then no
retransmission may be requested, otherwise if the errors can
be detected but not corrected, a retransmission can be
requested. An ACKnowledgment (ACK) signal can be trans-
mitted to indicate that one or more blocks of data, such as in
a PDSCH, have been successfully received and decoded.
HARQ-ACK/Negative ACKnowledgement (NACK or NAK)
information can include feedback from a receiver to the trans-
mitter in order to acknowledge a correct reception of a packet
or ask for a new retransmission (via NACK or NAK).

The node can be responsible for proper scheduling of data
transmission for legacy UEs to ensure that a corresponding
PUSCH resources and HARQ-ACK resources of PDSCH
and PUSCH are still valid even when the TDD configuration
is changed for advanced UEs. In an example, the FlexSFs
with dynamically configured transmission directions can also
be utilized by advanced UEs while maintaining a proper
HARQ-ACK feedback with predefined HARQ timeline
linked and/or corresponding to a configured UL-DL configu-
ration.

Some discrepancies related to sounding reference signals
(SRS) resources may exist, especially SRS transmissions
based on LTE trigger type O (i.e., via higher layer signaling,
such as RRC signaling), for the case of dynamic adaptation.
For example, the subframe used to transmit SRS, such as
determined by the UE using subframe index k¢, within the
frame and SRS subframe offset T _,, values in LTE (3GPP
Technical Specification [TS] 36.213 subsection 8.2 V11.0.0
[2012-09] and subsequent releases), can be configured in a
semi-static manner. For instance, if such a subframe is a
FlexSF, the FlexSF may not be changed into a DL subframe to
avoid such events as a missed SRS transmission. Sounding
reference signals can include reference signals transmitted in
an uplink (UL) to enable the node to perform channel sound-
ing, which can be used to support frequency-domain sched-
uling.

The various processes, methods, configurations, and sys-
tems described above can be combined in a TDD system
operation (e.g., TD-LTE system operation) with adaptive UL-
DL configurations. For example, a method of a TDD opera-
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tion with adaptive UL-DL TDD configuration can start from
an initial UL-DL default configuration for the cells. The UL-
DL TDD configuration can be conveyed to the UEs in the
respective cells via SIB1 messaging. The nodes (e.g., eNBs)
can measure the local traffic condition, interference condi-
tions, and evaluate the IM clustering conditions and/or parti-
tions in order to improve and/or optimize a target perfor-
mance metric(s), such as system throughput or spectral
efficiency (SE). The node can coordinate through a backhaul
link (e.g., X2 interface and/or point-to-point fiber connec-
tion) and determine to change a configuration for some cells
or IM clusters. The node can send any reconfiguration infor-
mation to a target cell or target cell clusters. The target cell or
target cell clusters can use a flexible frame structure to change
the target cell’s or target cell clusters’ UL-DL TDD configu-
ration. Any reconfiguration information can be conveyed to
the UEs either explicitly (via RRC signaling, a MAC-CE,
and/or the PDCCH or ePDCCH) or implicitly utilizing UL
grant timing. The node can coordinate the UL-DL configura-
tion and scheduling of data as well as SRS transmissions
considering backward compatibility and co-existence with
legacy UEs, different RATs, transmission techniques, and/or
node transmission powers. The nodes can also coordinate to
employ CoMP or eICIC techniques to efficiently mitigate
inter-cell interference. The nodes can monitor the traffic,
interference conditions, and re-evaluate IM clustering condi-
tions and/or partitions in order to optimize the target perfor-
mance metric(s). If certain traffic, interference, and/or IM
clustering conditions exist, the node can again coordinate
through a backhaul link and determine to change a configu-
ration for some cells or IM clusters, and the process can repeat
again.

The method and/or system can include a general TDD
system design framework (e.g., TD-LTE design framework)
to provide efficient operation for advanced systems (e.g.,
3GPP LTE V11.0.0 or LTE version 11 and subsequent
releases) with efficient support for adaptive UL-DL subframe
configurations based on a preferred performance metric or
criteria (e.g., traffic conditions or overall system throughput)
in different cells. The method and/or system can provide a
scheme to improve and/or optimize the target performance
metrics (e.g., system throughput or SE) by nodes (e.g., eNBs)
utilizing the information including (but not limited to) local
traffic condition, interference conditions, and/or possible IM
clustering conditions and/or partitions to perform the adap-
tive UL-DL subframe reconfiguration. The method and/or
system can take into account considerations on backward
compatibility and handling of new interference types. In an
example, the method and/or system can provide a complete
design for effective support of adaptive UL-DL subframe
configurations. For example, the system can include at least
three major functional components: a frame structure using a
flexible subframe structure, interference management (IM)
schemes for TDD systems, and signaling support including
explicit and implicit signaling. Various detailed design
options can be available for functional component can be
extended, modified or enhanced within the complete design
framework. The TDD design framework can utilize different
reconfigurable TDD frame structures, interference manage-
ment (IM) schemes, and/or different control signaling
designs to improve and/or optimize system performance. The
TDD design framework can use a node to coordinate the
UL-DL configuration and schedule data as well as SRS trans-
missions considering backward compatibility and co-exist-
ence aspects, such as legacy UEs, different RATSs, transmis-
sion techniques, and/or node transmission powers. The TDD
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design framework can use a node to coordinate and employ
CoMP or eICIC techniques to efficiently mitigate inter-cell
interference.

In another example, a method of a TDD operation with
adaptive UL-DL TDD configuration can start from an initial
UL-DL default configuration for the cells in the network or
system. The UL-DL TDD configuration can be conveyed to
the UEs in the respective cells via SIB1 messaging. The nodes
(e.g., eNBs) can measure the local traffic condition, interfer-
ence conditions, and evaluate the IM clustering conditions
and/or partitions in order to improve and/or optimize a target
performance metric(s), such as system throughput or spectral
efficiency (SE). The network can be divided into groups of
neighboring nodes. Such grouping can be determined based
on backhaul capabilities and connections between nodes. In
each such group, based on a pre-defined periodicity and/or
configuration, a particular set of cells can perform measure-
ments on certain subframes, such as UL subframes. The UL
transmissions, which may be transmitted during the TDD
special subframes, from the UEs may not be scheduled to
obtain long-term channel strength (e.g., RSRP-type informa-
tion) from another set of neighboring cells to evaluate the IM
clustering conditions. A second set of cells can operate in the
DL mode, and measurements can be performed on the CRS or
CSI-RS transmitted from the aggressor nodes.

Exchange of local traffic loading conditions in each cell
can be facilitated by information exchange over the backhaul
interface, where the concerned cells may report such infor-
mation, including any relevant RSRP-type information, to a
centralized processing unit (CPU) or CPM. The exchange of
local traffic loading conditions can include both DL and UL
traffic information, which information can implicitly indicate
a preferred DL-UL subframe configuration in each cell. A
master node, CPM, or CPU can coordinate through backhaul
link (e.g., X2 interface and/or point-to-point fiber connec-
tion) and determine to change a configuration for some cells
or IM clusters. The master node, CPM, or CPU can send any
reconfiguration information to the target cell or cell clusters
over the backhaul link. Coordination can also be realized in a
distributed way between participating cells and nodes.

Target cell or target cell clusters can use a flexible frame
structure to change the target cell’s or target cell clusters’
UL-DL TDD configuration. In an example, only an uplink
subframe can change to DL mode based on the FlexSF frame
structure illustrated in FIG. 2.

Any reconfiguration information can conveyed to an
advanced UE (e.g., a UE using the LTE release 12 standard or
subsequent release) using explicit layer 1 (i.e., physical or
PHY layer) signaling. The information can be conveyed to the
UEs via a configuration indication field (CIF) added to the
existing legacy (e.g., LTE release 10 and/or 11) DCI formats.

Legacy UEs can operate according to the TDD configura-
tion indicated through the SIB1 message as initially config-
ured. The node can coordinate the UL-DL configuration and
scheduling of data as well as SRS transmissions considering
backward compatibility and co-existence with legacy UEs,
different RATs, transmission-reception techniques, and/or
node transmission powers. For IM clusters with cells operat-
ing in the DL mode, DL coordinated multi-point (CoMP)
techniques can be used to improve the DL spectral efficiency
(SE) within the cluster. The node can monitor the traffic,
interference conditions, and re-evaluate possible IM cluster-
ing conditions and/or partitions in order to optimize the target
performance metric(s), which can facilitated by RSRP-type
measurement information, as previously described. If condi-
tions for a re-configuration of the IM clusters are met, the
master node, CPM, or CPU can again coordinate through a
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backhaul link and determine to change a configuration for
some cells or IM clusters, and the process can repeat again.

Another example provides a method 500 for adapting
uplink-downlink (UL-DL) time-division duplexing (TDD)
subframe configurations in a heterogeneous network (Het-
Net), as shown in the flow chart in FIG. 10. The method may
be executed as instructions on a machine or computer cir-
cuitry, where the instructions are included on at least one
computer readable medium or one non-transitory machine
readable storage medium. The method includes the operation
of determining a preferred adaptive UL-DL configuration, as
in block 510. The operation of receiving, at a reference
enhanced Node B (eNB), node configuration information for
at least one neighboring node follows, as in block 520. The
next operation of the method can be reconfiguring an adaptive
UL-DL configuration for at least one of the reference eNB
and the at least one neighboring node based on the node
configuration information and sounding reference signal
(SRS) subframe scheduling of the reference eNB and the at
least one neighboring node, as in block 530.

The node configuration information can include an UL-DL
configuration, a radio access technology (RAT) standard, or a
node’s nominal transmission power. In an example, the ref-
erence eNB can be in a different cell from the at least one
neighboring node. In another example, the reference eNB and
the at least one neighboring node can share a common cell
identifier (ID).

Receiving and transmitting node configuration informa-
tion and other information between the reference eNB and the
at least one neighboring node can use a backhaul link via a
wired connection, a wireless connection, or an optical fiber
connection. In an example, the method can further include
sending, from the reference eNB, the adaptive UL-DL recon-
figuration to the at least one neighboring node; and schedul-
ing UL data, DL data, and SRS transmissions at the reference
eNB based on the adaptive UL-DL reconfiguration. The UL
data, DL data, and SRS transmissions can also be scheduled
at the at least one neighboring node based on the adaptive
UL-DL reconfiguration.

In a configuration, the operation of determining the pre-
ferred adaptive UL-DL configuration can further include:
Determining a criteria for optimizing at least one system
performance metric based on at least one system operation
metric; measuring the at least one system operation metric at
the reference eNB; receiving, at the reference eNB, at least
one system operation metric measurement from the at least
one neighboring node; and configuring the preferred adaptive
UL-DL configuration based on the at least one system opera-
tion metric measurement to improve the at least one system
performance metric. The system performance metric can
include a system throughput, spectral efficiency (SE), a delay
metric, a quality of service (QoS) metric, or a quality of
experience (QoE) metric. The system operation metric can
include a traffic condition, traffic loading, an interference
type, or an interference condition.

In another configuration, the operation of determining the
preferred adaptive UL-DL configuration can further include:
Measuring interference on an uplink (UL) subframe of the
reference eNB during a downlink (DL) subframe of the at
least one neighboring node; receiving, at the reference eNB,
an interference measurement from at least one neighboring
node, wherein the interference measurement includes a ref-
erence signal received power (RSRP) or reference signal
received quality (RSRQ) measurement on a UL channel of
the reference eNB; determining interference management
(IM) clusters based on the collected interference measure-
ments due to neighboring nodes; and configuring the pre-
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ferred adaptive UL-DL configuration for each IM cluster. The
nodes generating interference to each other above a specified
threshold can be grouped together in a same IM cluster.

In an example, the method can further include configuring
the nodes in each IM cluster operating in downlink (DL)
mode with a transmission technique based on loading and
interference conditions to improve spectral efficiency or miti-
gate inter-cell interference within the IM cluster. The trans-
mission technique can include a downlink (DL) coordinated
multi-point (CoMP) transmission, enhanced inter-cell inter-
ference coordination (eICIC), and combinations thereof.

In another example, the operation of determining IM clus-
ters can further include: Estimating a pathloss of node-to-
node channels between the nodes having a same cell identity
or different cell identities using a cell-specific reference sig-
nal (CRS) or a channel-state information reference signal
(CSI-RS); and comparing the estimated pathloss to the speci-
fied threshold.

In another configuration, the operation of reconfiguring the
adaptive UL-DL configuration can further include: Deter-
mining uplink (UL) subframes used to transmit sounding
reference signals (SRS); and changing a flexible subframe
(FlexSF) of the adaptive UL-DL configuration used foran UL
to a downlink (DL) when the FlexSF is not scheduled to
transmit SRS.

In an example, operation of reconfiguring the adaptive
UL-DL configuration can be configured semi-statically via
system information block typel (SIB1) information bits,
radio resource control (RRC) signaling, or a medium access
control (MAC) control element (MAC-CE). In another
example, operation of reconfiguring the adaptive UL-DL
configuration can be configured dynamically via explicitly
using a physical downlink control channel (PDCCH) or an
enhanced physical downlink control channel (ePDCCH) car-
rying a relevant downlink control information (DCI) or
implicitly where a flexible subframe (FlexSF) of the adaptive
UL-DL configuration operates as a downlink (DL) subframe
when the relevant DCI does not include an uplink (UL) grant.

In another configuration, the operation of determining the
preferred adaptive UL-DL configuration can further include:
Measuring the reference eNB’s traffic condition and interfer-
ence condition; receiving, at the reference eNB, a traffic con-
dition and an interference condition from a plurality of neigh-
boring nodes; determining an interference management (IM)
clustering condition and partition for the reference eNB and
the plurality of neighboring nodes; grouping the reference
eNB and the plurality of neighboring nodes based on the
traffic condition, the interference condition, the IM clustering
condition and partition, a backhaul capability, a UL-DL con-
figuration periodicity, or a UL-DL configuration. The inter-
ference condition can include adjacent channel interference
and co-channel interference. In another example, the method
can further include monitoring the traffic condition, the inter-
ference condition, and IM clustering condition and partition
of the reference eNB and the at least one neighboring node to
improve a performance metric.

Another example provides a method 600 for adapting
uplink-downlink (UL-DL) time-division duplexing (TDD)
subframe configurations in a heterogeneous network (Het-
Net), as shown in the flow chart in FIG. 11. The method may
be executed as instructions on a machine or computer cir-
cuitry, where the instructions are included on at least one
computer readable medium or one non-transitory machine
readable storage medium. The method includes the operation
of grouping a plurality of nodes into interference manage-
ment (IM) clusters when a pathloss of node-to-node channels
is above a specified threshold, as in block 610. The operation
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of generating a preferred adaptive UL-DL configuration for
each of the IM clusters, wherein at least one preferred adap-
tive UL-DL configuration includes a flexible subframe
(F1exSF) configured to switch between an uplink (UL) sub-
frame and a downlink (DL) subframe follows, as in block 620.
The next operation of the method can be reconfiguring the
adaptive UL-DL configuration for each of the IM clusters to
provide backward compatibility based on the node configu-
ration information and sounding reference signal (SRS) sub-
frame scheduling, as in block 630. The method can further
include transmitting the adaptive UL-DL reconfiguration to at
least one node in a selected IM cluster via a backhaul link via
a wired connection, a wireless connection, or an optical fiber
connection, as in block 640.

In an example, the method can further include a node
dynamically signaling a wireless device in the IM cluster with
the adaptive UL-DL configuration explicitly using a physical
downlink control channel (PDCCH) or an enhanced physical
downlink control channel (ePDCCH) carrying a relevant
downlink control information (DCI) or implicitly where the
FlexSF operates as a downlink (DL) subframe when the rel-
evant DCI does not include an uplink (UL) grant. The node
configuration information can include an UL-DL configura-
tion, a radio access technology (RAT) standard, or a node’s
nominal transmission power.

Inaconfiguration, the operation of generating the preferred
adaptive UL-DL configuration can further include: Deter-
mining a criteria for optimizing at least one system perfor-
mance metric based on at least one system operation metric;
measuring the at least one system operation metric atan eNB;
collecting at least one system operation metric measurements
from a plurality of nodes; and configuring the preferred adap-
tive UL-DL configuration based on the at least one system
operation metric measurements to improve the at least one
system performance metric. In an example, the at least one
system performance metric can include a system throughput,
spectral efficiency (SE), a delay metric, a quality of service
(QoS) metric, or a quality of experience (QoE) metric. In
another example, the at least one system operation metric can
include a traffic condition, traffic loading, an interference
type, or an interference condition.

In another configuration, the operation of generating the
preferred adaptive UL-DL configuration can further include:
Measuring a node’s traffic condition, interference condition,
or IM clustering condition and partition, wherein the inter-
ference condition includes adjacent channel interference and
co-channel interference; collecting the traffic conditions,
interference conditions, or IM clustering condition and par-
tition from a plurality of nodes; regrouping the plurality of
nodes based on the traffic condition, the interference condi-
tion, the IM clustering condition and partition, a backhaul
capability, a UL-DL configuration periodicity, or a UL-DL
configuration; configuring the nodes in each IM cluster oper-
ating in downlink (DL) mode with a transmission technique;
and monitoring the traffic condition, the interference condi-
tion, or IM clustering condition and partition of the plurality
of'nodes to improve a performance metric. The transmission
technique (or transmission-reception technique) can include
a downlink (DL) coordinated multi-point (CoMP) transmis-
sion, enhanced inter-cell interference coordination (eICIC),
and combinations thereof.

FIG. 12 illustrates an example node (e.g., reference node
710 and neighboring node 730) and an example wireless
device 720. The node can include a node device 712 and 732.
The node device or the node can be configured to communi-
cate with the wireless device. The node device can be config-
ured to adapt uplink-downlink (UL-DL) time-division
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duplexing (TDD) subframe configurations in a heteroge-
neous network (HetNet). The node device or the node can be
configured to communicate with other nodes via a backhaul
link 740 (optical, wireless, or wired link), such as an X2
application protocol (X2AP). The node device can include a
processing module 714 and 734, a transceiver module 716
and 736, a scheduler 718 and 738, and estimating module 708
and 728.

In an example, the functions of the scheduler and/or the
estimating module can be performed by the processing mod-
ule. The transceiver module can be configured to receive node
configuration information for at least one neighboring node
and transmit a UL-DL configuration to the at least one neigh-
boring node. The transceiver module can be further config-
ured to communicate with the neighboring node via X2 sig-
naling, X2 application protocol (X2AP), or backhaul link
signaling via a wired connection, a wireless connection, or an
optical fiber connection. The processing module can be
enabled to reconfigure an adaptive UL-DL configuration for
at least one of a plurality of nodes including the at least one
neighboring node based on the node configuration informa-
tion. The plurality of nodes can use a common cell identity or
distinct cell identities.

Reconfiguring the adaptive UL-DL configuration can
include changing a flexible subframe (FlexSF) from an uplink
(UL) to adownlink (DL). The node configuration information
can include an UL-DL configuration, a radio access technol-
ogy (RAT) standard, or a node’s nominal transmission power.
The node (e.g., reference node 710 and neighboring node
730) can include a base station (BS), a Node B (NB), an
evolved Node B (eNB), a baseband unit (BBU), a remote
radio head (RRH), a remote radio equipment (RRE), aremote
radio unit (RRU), or a central processing module (CPM).

In a configuration, the processing module 714 and 734 can
be further operable to reconfigure the FlexSF of the adaptive
UL-DL configuration from a UL subframe to a DL subframe
when the FlexSF is not scheduled to transmit a sounding
reference signal (SRS). In another configuration, the sched-
uler 718 and 738 can be configured to schedule UL data, DL,
data, and sounding reference signal (SRS) transmissions
based on the adaptive UL-DL reconfiguration.

In another configuration, the processing module 714 and
734 can be further operable to determine at least one system
operation metric to monitor, measure the at least one system
operation metric, and configure an adaptive UL-DL configu-
ration to improve a system performance metric based on at
least one system operation metric measurement from a plu-
rality of eNBs. The system performance metric can include a
system throughput, spectral efficiency (SE), a delay metric, a
quality of service (QoS) metric, or a quality of experience
(QoE) metric. The at least one system operation metric can
include a traffic condition, traffic loading, an interference
type, and an interference condition. The transceiver module
716 and 736 can be further operable to receive the at least one
system operation metric measurement from the at least one
neighboring node.

In another configuration, the estimating module 708 and
728 can be configured to estimate a pathloss of node-to-node
channels between nodes having a common cell identity or
distinct cell identities using a cell-specific reference signal
(CRS) or a channel-state information reference signal (CSI-
RS). The transceiver module 716 and 736 can be further
operable to receive an interference measurement from at least
one neighboring node. The interference measurement can
include a reference signal received power (RSRP) or refer-
ence signal received quality (RSRQ) measurement on a UL
channel of the at least one neighboring node generating the
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interference measurement. The processing module 714 and
734 can be further operable to measure interference on a UL
subframe of the node during a DL subframe of the at least one
neighboring node, compare the estimated pathloss of the
node-to-node channels for each pair of the nodes to a speci-
fied threshold, group the nodes together in a same interfer-
ence management (IM) cluster when the estimated pathloss
associated with the nodes exceeds the specified threshold, and
configure the adaptive UL-DL configuration for each IM
cluster.

In an example, the processing module 714 and 734 can be
further operable to configure the nodes in each IM cluster
operating in downlink (DL) mode with a transmission tech-
nique to improve spectral efficiency or mitigate inter-cell
interference within the IM cluster. The transmission tech-
nique can include a downlink (DL) coordinated multi-point
(CoMP) transmission, enhanced inter-cell interference coor-
dination (eICIC), and combinations thereof.

In another example, the transceiver module 716 and 736
can be further operable to receive downlink signal informa-
tion from a neighboring node. The processing module 714
and 734 can be further operable to estimate a channel impulse
response for a channel between the neighboring node and the
node using the downlink signal information, estimate an
inter-node interference signal for the channel using the down-
link signal information and the channel impulse response, and
subtract the estimated inter-node interference signal from a
received signal to substantially cancel the inter-node interfer-
ence from the neighboring node before decoding a desired
uplink signal. The transceiver module can be further config-
ured to receive the uplink signal from a wireless device before
subtracting the estimated inter-node interference signal from
the uplink signal, and the downlink signal information can be
received prior to the reception of the uplink signal.

In another configuration, the processing module 714 and
734 can be further operable to reconfigure the adaptive UL-
DL configuration dynamically via explicitly using a physical
downlink control channel (PDCCH) or an enhanced physical
downlink control channel (ePDCCH) carrying a relevant
downlink control information (DCI) or implicitly where the
FlexSF operates as a downlink (DL) subframe when the rel-
evant DCI does not include an uplink (UL) grant.

The wireless device 720 can include a transceiver module
724 and a processing module 722. The processing module can
be configured to generate a SRS and an uplink signal and
process a downlink signal. The transceiver module can be
configured to transmit the SRS and the uplink signal and
receive the downlink signal.

Another example provides functionality 1300 of a node
device operable to adapt uplink-downlink (UL-DL) time-
division duplexing (TDD) subframe configurations in a het-
erogeneous network (HetNet), as shown in the flow chart in
FIG. 13. The functionality can be implemented as a method or
the functionality can be executed as instructions on a
machine, where the instructions are included on at least one
computer readable medium or one non-transitory machine
readable storage medium. The node device can be configured
to receive node configuration information for at least one
neighboring node and transmit a UL-DL configuration to the
at least one neighboring node, as in block 1310. In addition,
the node device can be configured to reconfigure an adaptive
UL-DL configuration for at least one of a plurality of nodes
including the at least one neighboring node based on the node
configuration information, wherein the plurality of nodes use
a common cell identity or distinct cell identities, and recon-
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figuring the adaptive UL-DL configuration includes changing
a flexible subframe (FlexSF) from an uplink (UL) to a down-
link (DL), as in block 1320.

FIG. 14 provides an example illustration of the wireless
device, such as an user equipment (UE), a mobile station
(MS), a mobile wireless device, a mobile communication
device, a tablet, a handset, or other type of wireless device.
The wireless device can include one or more antennas con-
figured to communicate with a node, macro node, low power
node (LPN), or transmission station, such as a base station
(BS), an evolved Node B (eNB), a baseband unit (BBU), a
remote radio head (RRH), a remote radio equipment (RRE),
a relay station (RS), a radio equipment (RE), or other type of
wireless wide area network (WWAN) access point. The wire-
less device can be configured to communicate using at least
one wireless communication standard including 3GPP LTE,
WiMAX, High Speed Packet Access (HSPA), Bluetooth, and
WiFi. The wireless device can communicate using separate
antennas for each wireless communication standard or shared
antennas for multiple wireless communication standards. The
wireless device can communicate in a wireless local area
network (WLAN), a wireless personal area network
(WPAN), and/or a WWAN.

FIG. 14 also provides an illustration of a microphone and
one or more speakers that can be used for audio input and
output from the wireless device. The display screen may be a
liquid crystal display (LCD) screen, or other type of display
screen such as an organic light emitting diode (OLED) dis-
play. The display screen can be configured as a touch screen.
The touch screen may use capacitive, resistive, or another
type of touch screen technology. An application processor
and a graphics processor can be coupled to internal memory
to provide processing and display capabilities. A non-volatile
memory port can also be used to provide data input/output
options to a user. The non-volatile memory port may also be
used to expand the memory capabilities of the wireless
device. A keyboard may be integrated with the wireless
device or wirelessly connected to the wireless device to pro-
vide additional user input. A virtual keyboard may also be
provided using the touch screen.

Various techniques, or certain aspects or portions thereof,
may take the form of program code (i.e., instructions) embod-
ied in tangible media, such as floppy diskettes, CD-ROMs,
hard drives, non-transitory computer readable storage
medium, or any other machine-readable storage medium
wherein, when the program code is loaded into and executed
by a machine, such as a computer, the machine becomes an
apparatus for practicing the various techniques. Circuitry can
include hardware, firmware, program code, executable code,
computer instructions, and/or software. A non-transitory
computer readable storage medium can be a computer read-
able storage medium that does not include signal. In the case
of program code execution on programmable computers, the
computing device may include a processor, a storage medium
readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device,
and at least one output device. The volatile and non-volatile
memory and/or storage elements may be a RAM, EPROM,
flash drive, optical drive, magnetic hard drive, solid state
drive, or other medium for storing electronic data. The node
and wireless device may also include a transceiver module, a
counter module, a processing module, and/or a clock module
or timer module. One or more programs that may implement
or utilize the various techniques described herein may use an
application programming interface (API), reusable controls,
and the like. Such programs may be implemented in a high
level procedural or object oriented programming language to
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communicate with a computer system. However, the
program(s) may be implemented in assembly or machine
language, if desired. In any case, the language may be a
compiled or interpreted language, and combined with hard-
ware implementations.

It should be understood that many of the functional units
described in this specification have been labeled as modules,
in order to more particularly emphasize their implementation
independence. For example, a module may be implemented
as a hardware circuit comprising custom VLSI circuits or gate
arrays, off-the-shelf'semiconductors such as logic chips, tran-
sistors, or other discrete components. A module may also be
implemented in programmable hardware devices such as
field programmable gate arrays, programmable array logic,
programmable logic devices or the like.

Modules may also be implemented in software for execu-
tion by various types of processors. An identified module of
executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions, which
may, for instance, be organized as an object, procedure, or
function. Nevertheless, the executables of an identified mod-
ule need not be physically located together, but may comprise
disparate instructions stored in different locations which,
when joined logically together, comprise the module and
achieve the stated purpose for the module.

Indeed, a module of executable code may be a single
instruction, or many instructions, and may even be distributed
over several different code segments, among different pro-
grams, and across several memory devices. Similarly, opera-
tional data may be identified and illustrated herein within
modules, and may be embodied in any suitable form and
organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over different
storage devices, and may exist, at least partially, merely as
electronic signals on a system or network. The modules may
be passive or active, including agents operable to perform
desired functions.

Reference throughout this specification to “an example”
means that a particular feature, structure, or characteristic
described in connection with the example is included in at
least one embodiment of the present invention. Thus, appear-
ances of the phrases “in an example” in various places
throughout this specification are not necessarily all referring
to the same embodiment.

As used herein, a plurality of items, structural elements,
compositional elements, and/or materials may be presented
in a common list for convenience. However, these lists should
be construed as though each member of'the list is individually
identified as a separate and unique member. Thus, no indi-
vidual member of such list should be construed as a de facto
equivalent of any other member of the same list solely based
on their presentation in a common group without indications
to the contrary. In addition, various embodiments and
example of the present invention may be referred to herein
along with alternatives for the various components thereof. It
is understood that such embodiments, examples, and alterna-
tives are not to be construed as defacto equivalents of one
another, but are to be considered as separate and autonomous
representations of the present invention.

Furthermore, the described features, structures, or charac-
teristics may be combined in any suitable manner in one or
more embodiments. In the preceding descriptions, numerous
specific details are provided, such as examples of layouts,
distances, network examples, etc., to provide a thorough
understanding of embodiments of the invention. One skilled
in the relevant art will recognize, however, that the invention
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can be practiced without one or more of the specific details, or
with other methods, components, layouts, etc. In other
instances, well-known structures, materials, or operations are
not shown or described in detail to avoid obscuring aspects of
the invention.

While the forgoing examples are illustrative of the prin-
ciples of the present invention in one or more particular appli-
cations, it will be apparent to those of ordinary skill in the art
that numerous modifications in form, usage and details of
implementation can be made without the exercise of inventive
faculty, and without departing from the principles and con-
cepts of the invention. Accordingly, it is not intended that the
invention be limited, except as by the claims set forth below.

What is claimed is:

1. A method for adapting uplink-downlink (UL-DL) time-
division duplexing (TDD) subframe configurations in a het-
erogeneous network (HetNet), said method comprising:

calculating a preferred adaptive UL-DL configuration;

receiving, at a reference enhanced Node B (eNB), node
configuration information for at least one neighboring
node;
reconfiguring an adaptive UL-DL configuration for at least
one of the reference eNB and the at least one neighbor-
ing node to correspond with the preferred adaptive UL-
DL configuration, the adaptive UL-DL configuration
being reconfigured based on the node configuration
information and sounding reference signal (SRS) sub-
frame scheduling of the reference eNB and the at least
one neighboring node;
sending, from the reference eNB, the adaptive UL-DL
reconfiguration to the at least one neighboring node; and

scheduling UL data, DL data, and SRS transmissions at the
reference eNB based on the adaptive UL-DL reconfigu-
ration.

2. The method of claim 1, wherein the node configuration
information includes at least one of: an UL-DL configuration
for the at least one neighboring node, a radio access technol-
ogy (RAT) standard, or a node’s nominal transmission power.

3. The method of claim 1, wherein receiving and transmit-
ting node configuration information and other information
between the reference eNB and the at least one neighboring
node uses a backhaul link via a wired connection, a wireless
connection, or an optical fiber connection.

4. The method of claim 1, wherein calculating the preferred
adaptive UL-DL configuration further comprises:

determining a criteria for optimizing at least one system

performance metric based on at least one system opera-
tion metric;

measuring the at least one system operation metric at the

reference eNB;

receiving, at the reference eNB, at least one system opera-

tion metric measurement from the at least one neighbor-
ing node; and

configuring the preferred adaptive UL-DL configuration

based on the at least one system operation metric mea-
surement to improve the at least one system performance
metric.

5. The method of claim 4, wherein

the system performance metric is selected from the group

consisting of a system throughput, spectral efficiency
(SE), a delay metric, a quality of service (QoS) metric, a
quality of experience (QoE) metric, and combinations
thereof;, and

the system operation metric is selected from the group

consisting of a traffic condition, traffic loading, an inter-
ference type, an interference condition, and combina-
tions thereof.
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6. The method of claim 1, wherein calculating the preferred
adaptive UL-DL configuration further comprises:

measuring interference on an uplink (UL) subframe of the

reference eNB during a downlink (DL) subframe of the
at least one neighboring node;
receiving, at the reference eNB, an interference measure-
ment from at least one neighboring node, wherein the
interference measurement includes a reference signal
received power (RSRP) or reference signal received
quality (RSRQ) measurement on a UL channel of the
reference eNB;
determining interference management (IM) clusters based
on the collected interference measurements due to
neighboring nodes, wherein the nodes generating inter-
ference to each other above a specified threshold are
grouped together in a same IM cluster; and

configuring the preferred adaptive UL-DL configuration
for each IM cluster.

7. The method of claim 6, further comprising:

configuring the nodes in each IM cluster operating in

downlink (DL) mode with a transmission technique
based on loading and interference conditions to improve
spectral efficiency or mitigate inter-cell interference
within the IM cluster, wherein the transmission tech-
nique is selected from the group consisting of downlink
(DL) coordinated multi-point (CoMP) transmission,
enhanced inter-cell interference coordination (eICIC),
and combinations thereof.

8. The method of claim 6, wherein determining IM clusters
further comprises:

estimating a pathloss of node-to-node channels between

the nodes having a same cell identity or different cell
identities using a cell-specific reference signal (CRS) or
a channel-state information reference signal (CSI-RS);
and

comparing the estimated pathloss to the specified thresh-

old.

9. The method of claim 1, wherein reconfiguring the adap-
tive UL-DL configuration further comprises:

determining uplink (UL) subframes used to transmit

sounding reference signals (SRS); and

changing a flexible subframe (FlexSF) of the adaptive UL-

DL configuration used for an UL to a downlink (DL)
when the FlexSF is not scheduled to transmit SRS.

10. The method of claim 1, wherein reconfiguring the
adaptive UL-DL configuration is configured semi-statically
via system information block typel (SIB1) information bits,
radio resource control (RRC) signaling, or a medium access
control (MAC) control element (MAC-CE); or reconfiguring
the adaptive UL-DL configuration is configured dynamically
via explicitly using a physical downlink control channel (PD-
CCH) or an enhanced physical downlink control channel
(ePDCCH) carrying a relevant downlink control information
(DCI) or implicitly where a flexible subframe (FlexSF) of the
adaptive UL-DL configuration operates as a downlink (DL)
subframe when the relevant DCI does not include an uplink
(UL) grant.

11. The method of claim 1, wherein calculating the pre-
ferred adaptive UL-DL configuration further comprises:

measuring the reference eNB’s traffic condition and inter-

ference condition, wherein the interference condition
includes adjacent channel interference and co-channel
interference;

receiving, at the reference eNB, a traffic condition and an

interference condition from a plurality of neighboring
nodes;
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determining an interference management (IM) clustering
condition and partition for the reference eNB and the
plurality of neighboring nodes;

grouping the reference eNB and the plurality of neighbor-

ing nodes based on information selected from the group
consisting of the traffic condition, the interference con-
dition, the IM clustering condition and partition, a back-
haul capability, a UL-DL configuration periodicity, a
UL-DL configuration, and combinations thereof.

12. The method of claim 11, further comprising:

monitoring the traffic condition, the interference condition,

and IM clustering condition and partition of the refer-
ence eNB and the at least one neighboring node to
improve a performance metric.

13. At least one non-transitory computer readable medium
storing a plurality of instructions which when executed by
one or more processors perform the following:

calculating a preferred adaptive UL-DL configuration;

receiving, at a reference enhanced Node B (eNB), node

configuration information for at least one neighboring
node;
reconfiguring an adaptive UL-DL configuration for at least
one of the reference eNB and the at least one neighbor-
ing node to correspond with the preferred adaptive UL-
DL configuration, the adaptive UL-DL configuration
being reconfigured based on the node configuration
information and sounding reference signal (SRS) sub-
frame scheduling of the reference eNB and the at least
one neighboring node;
sending, from the reference eNB, the adaptive UL-DL
reconfiguration to the at least one neighboring node; and

scheduling UL data, DL data, and SRS transmissions at the
reference eNB based on the adaptive UL-DL reconfigu-
ration.

14. A node device operable to adapt uplink-downlink (UL-
DL) time-division duplexing (TDD) subframe configurations
in a heterogeneous network (HetNet), the node device com-
prising:

a processing module to:

calculate a preferred adaptive UL-DL configuration; and

reconfigure an adaptive UL-DL configuration for at least
one of a plurality of nodes including at least one
neighboring node to correspond with the preferred
adaptive UL-DL configuration, the adaptive UL-DL
configuration being reconfigured based in part on
node configuration information for the at least one
neighboring node, wherein the plurality of nodes use
a common cell identity or distinct cell identities, and
reconfiguring the adaptive UL-DL configuration
includes changing a flexible subframe (FlexSF) from
an uplink (UL) to a downlink (DL), wherein the pro-
cessing module is comprised of code that is located in
one or more digital memory devices to be executed by
one or more processors or the processing module is
implemented in a first hardware circuit; and

a transceiver module to transmit, using an antenna, the

adaptive UL-DL configuration to the at least one neigh-
boring node, wherein the transceiver module is com-
prised of code that is located in the one or more digital
memory devices to be executed by the one or more
processors or the transceiver module is implemented in
a second hardware circuit.

15. The node device of claim 14, wherein the processing
module is further operable to reconfigure the FlexSF of the
adaptive UL-DL configuration from a UL subframe to a DL
subframe when the FlexSF is not scheduled to transmit a
sounding reference signal (SRS).
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16. The node device of claim 14, wherein the transceiver
module is further configured to communicate with neighbor-
ing nodes via X2 signaling or backhaul link signaling via a
wired connection, a wireless connection, or an optical fiber
connection; and the node configuration information includes
at least one of: an UL-DL configuration, a radio access tech-
nology (RAT) standard, or a node’s nominal transmission
power.

17. The node device of claim 14, further comprising:

a scheduling module configured to schedule UL data, DL,
data, and sounding reference signal (SRS) transmissions
based on the adaptive UL-DL reconfiguration, wherein
the scheduling module is comprised of code that is
located in the one or more digital memory devices to be
executed by the one or more processors or the schedul-
ing module is implemented in a third hardware circuit.

18. The node device of claim 14, wherein:

the processing module is further operable to determine at
least one system operation metric to monitor, measure
the at least one system operation metric, and configure
an adaptive UL-DL configuration to improve a system
performance metric based on at least one system opera-
tion metric measurement from a plurality of eNBs,
wherein the system performance metric is selected from
the group consisting of a system throughput, spectral
efficiency (SE), a delay metric, a quality of service
(QoS) metric, a quality of experience (QoE) metric, and
combinations thereof; and the at least one system opera-
tion metric is selected from the group consisting of a
traffic condition, traffic loading, an interference type, an
interference condition, and combinations thereof; and

the transceiver module is further operable to receive the at
least one system operation metric measurement from the
at least one neighboring node.

19. The node device of claim 14, further comprising:

an estimating module to estimate a pathloss of node-to-
node channels between nodes having a common cell
identity or distinct cell identities using a cell-specific
reference signal (CRS) or a channel-state information
reference signal (CSI-RS), wherein the estimating mod-
ule is comprised of code that is located in the one or more
digital memory devices to be executed by the one or
more processors or the estimating module is imple-
mented in a third hardware circuit; wherein

the transceiver module is further operable to receive an
interference measurement from at least one neighboring
node, wherein the interference measurement includes a
reference signal received power (RSRP) or reference
signal received quality (RSRQ) measurement on a UL
channel of the at least one neighboring node generating
the interference measurement; and

the processing module is further operable to measure inter-
ference on a UL subframe of the node during a DL
subframe of the at least one neighboring node, compare
the estimated pathloss of the node-to-node channels for
each pair of the nodes to a specified threshold, group the
nodes together in a same interference management (IM)
cluster when the estimated pathloss associated with the
nodes exceeds the specified threshold, and configure the
adaptive UL-DL configuration for each IM cluster.

20. The node device of claim 19, wherein the processing
module is further operable to configure the nodes in each IM
cluster operating in downlink (DL) mode with a transmission
technique to improve spectral efficiency or mitigate inter-cell
interference within the IM cluster, wherein the transmission-
reception technique is selected from the group consisting of
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downlink (DL) coordinated multi-point (CoMP) transmis-
sion, enhanced inter-cell interference coordination (eICIC),
and combinations thereof.

21. The node device of claim 19, wherein:

the transceiver module is further operable to receive down-

link signal information from a neighboring node; and

the processing module is further operable to estimate a

channel impulse response for a channel between the
neighboring node and the node using the downlink sig-
nal information, estimate an inter-node interference sig-
nal for the channel using the downlink signal informa-
tion and the channel impulse response, and subtract the
estimated inter-node interference signal from a received
signal to substantially cancel the inter-node interference
from the neighboring node before decoding a desired
uplink signal,

wherein the transceiver module is further configured to

receive the uplink signal from a wireless device before
subtracting the estimated inter-node interference signal
from the uplink signal, and the downlink signal infor-
mation is received prior to the reception of the uplink
signal.

22. The node device of claim 14, wherein the processing
module is further operable to reconfigure the adaptive UL-DL
configuration dynamically via explicitly using a physical
downlink control channel (PDCCH) or an enhanced physical
downlink control channel (ePDCCH) carrying a relevant
downlink control information (DCI) or implicitly where the
FlexSF operates as a downlink (DL) subframe when the rel-
evant DCI does not include an uplink (UL) grant.

23. At least one non-transitory machine readable storage
medium which stores a plurality of instructions which when
executed by a processor perform the following:

assigning a plurality of nodes into interference manage-

ment (IM) clusters when a pathloss of node-to-node
channels is above a specified threshold;
generating a preferred adaptive uplink-downlink (UL-DL)
configuration for each of the IM clusters, wherein at
least one preferred adaptive UL-DL configuration
includes a flexible subframe (FlexSF) configured to
switch between anuplink (UL) subframe and a downlink
(DL) subframe;

reconfiguring the adaptive UL-DL configuration for each
of the IM clusters to provide backward compatibility
based on the node configuration information and sound-
ing reference signal (SRS) subframe scheduling; and

transmitting the adaptive UL-DL reconfiguration to at least
one node in a selected IM cluster via a backhaul link via
a wired connection, a wireless connection, or an optical
fiber connection.

24. The at least one non-transitory machine readable stor-
age medium of claim 23, further comprising instructions
which when executed by the processor perform the following:

dynamically signaling a wireless device in the IM cluster

with the adaptive UL-DL configuration explicitly using
a physical downlink control channel (PDCCH) or an
enhanced physical downlink control channel (ePDCCH)
carrying a relevant downlink control information (DCI)
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or implicitly where the FlexSF operates as a downlink
(DL) subframe when the relevant DCI does not include
an uplink (UL) grant.

25. The at least one non-transitory machine readable stor-
age medium of claim 23, wherein the node configuration
information includes at least one of: an UL-DL configuration,
a radio access technology (RAT) standard, or a node’s nomi-
nal transmission power.

26. The at least one non-transitory machine readable stor-
age medium of claim 23, wherein generating the preferred
adaptive UL-DL configuration further comprises instructions
which when executed by the processor perform the following:

determining a criteria for optimizing at least one system

performance metric based on at least one system opera-
tion metric, wherein the at least one system performance
metric is selected from the group consisting of a system
throughput, spectral efficiency (SE), a delay metric, a
quality of service (QoS) metric, a quality of experience
(QoE) metric, and combinations thereof; and the at least
one system operation metric is selected from the group
consisting of a traffic condition, traffic loading, an inter-
ference type, an interference condition, and combina-
tions thereof;

measuring the at least one system operation metric at an

eNB;

collecting at least one system operation metric measure-

ments from a plurality of nodes; and

configuring the preferred adaptive UL-DL configuration

based on the at least one system operation metric mea-
surements to improve the at least one system perfor-
mance metric.

27. The at least one non-transitory machine readable stor-
age medium of claim 23, wherein generating the preferred
adaptive UL-DL configuration further comprises instructions
which when executed by the processor perform the following:

measuring a node’s traffic condition, interference condi-

tion, or IM clustering condition and partition, wherein
the interference condition includes adjacent channel
interference and co-channel interference;

collecting the traffic conditions, interference conditions, or

IM clustering condition and partition from a plurality of
nodes;

regrouping the plurality of nodes based on information

selected from the group consisting of the traffic condi-
tion, the interference condition, the IM clustering con-
dition and partition, a backhaul capability, a UL-DL
configuration periodicity, a UL-DL configuration, and
combinations thereof;

configuring the nodes in each IM cluster operating in

downlink (DL) mode with a transmission technique,
wherein the transmission technique is selected from the
group consisting of downlink (DL) coordinated multi-
point (CoMP) transmission, enhanced inter-cell inter-
ference coordination (eICIC), and combinations
thereof;, and

monitoring the traffic condition, the interference condition,

or IM clustering condition and partition of the plurality
of nodes to improve a performance metric.
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